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Substances containing the R—SH group are readily oxidized 
to the corresponding R—S—S—R form. Molecules of the type 
R(—SH)e, such as the homologous dimercaptobenzenes, yield on 
oxidation yellowish polymers of the general formula (R—S), 
(15, 18-20). 

The behavior of polythiol molecules is of particular interest 
owing to the profound changes in the properties of proteins due to 
changes in the state of the cystine residues contained in them. 
The oxidation-reduction equilibrium between the —SH and 
—S—S— forms is of importance in the physiological behavior of 
insulin (17), papain (7), urease (12, 16), and cathepsin (14). The 
appearance of a large number of —SH groups during the denatura- 
tion of proteins has been observed by several investigators (3, 4, 
13). What form the reduced protein assumes on reoxidation of 
the thiol groups is at present unknown. The difficulties involved 
in a study of this sort are recognizably great. On the other hand, 
investigations of the problem of polythiol oxidation on simpler 
synthetic molecules may be more readily carried out and may 
illuminate the more complex behavior of the proteins. For this 
purpose the study of cysteinylcysteine derivatives was chosen and, 
as the first representative of this class of substances, the diketopi- 
perazine, anhydro-l-cysteinyl-l-cysteine, was prepared.’ 

1 While it is improbable that the diketopiperazine form occurs as such in 
the protein, it may serve as a peptide model in which the amino and car- 
boxy] groups are tied off by self-condensation. 
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Anhydrocysteinylcysteine consists of a heterocyclic ring con- 
taining two methyl mercaptan groups substituted at the 3 ,6 posi- 
tions. The two functional —SH groups are sufficiently separated 
to render intramolecular reaction improbable. On oxidation, it 
should yield a polymeric form in which the 3 ,6-dimethyl-2,5- 
diketopiperazine ring will form a repeating pattern, each element 
linked by disulfide bonds. 

Dicarbobenzoxycysty] chloride (1) was coupled with 2 molecules 
of cysteine ethyl ester (II) in chloroform solution. The product, 
dicarbobenzoxycystyldicysteinyl ethyl ester (III) was reduced 
with phosphonium iodide according to the method of Harington 
and Mead (10). The resulting cysteinyleysteine ethyl ester 
hydroiodide (IV) was dissolved in ethanol saturated with am- 
monia at 0°. Condensation of the piperazine ring occurred and 
anhydro-l-cysteinyl-l-cysteine (V) appeared as a mass of well 
defined prismatic crystals. On purification, the product reduced 
close to the theoretical quantity of iodine. The oxidation of the 
dithiol proceeded with a slight excess of hydrogen peroxide in 
aqueous solution. The oxidized product crystallized in beauti- 
fully long colorless needles. Molecular weight determinations 
yielded values close to that of 408 for the dimeric form, bisanhydro- 
l-cystinyl-l-cystine (V1).? 
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2 Coghill (8) has suggested the formation of a polymeric anhydride of 
cystine during the spontaneous decomposition of cystine methyl ester. It 
was, however, not isolated. 
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The possession of two functional methyl mercaptan groups 
substituted at the 3,6 carbon atoms of the heterocyclic ring did 
not, therefore, lead to an extended polymeric form but caused the 
molecule to assume the smallest possible cyclic configuration. It 
would be interesting to compare the behavior of anhydrocys- 
teinyleysteine with that of the analogous ring compound, dithi- 
olhydroquinone. Studies of the open chain dithiols are now in 
progress. 

Several new diketopiperazines of cystine combined with triva- 
lent amino acids were also prepared according to the general 
method outlined above. These included derivatives of cystine 
with the dicarboxylic amino acids; anhydro-l-cystyldi-l-y-ethyl 
glutamate, anhydro-l-cystyldi-l-y-methyl glutamate, and anhydro- 
Leystyldi-l-8-ethyl aspartate. Anhydro-l-cystyldi-l-tyrosine was 
likewise synthesized. The latter substance contains two amino 
acids believed to be of significance in the physiological properties 
of insulin (1, 11). These anhydrides in contrast with the homo- 
geneous diketopiperazines of cystine were all insoluble in water. 
The former three were soluble, however, in glacial acetic acid and 
in formamide. The tyrosine derivative on the other hand could 
be dissolved only in formamide. All the anhydrides described in 
this communication decompose on warming with alkali.* 


EXPERIMENTAL 
The diketopiperazines were prepared by condensing the peptide 
ester in alcoholic ammonia. The peptide ester was coupled by 


? Other cyclic derivatives of cystine such as cystine phenylhydantoin (2) 
and cystine cyamidene (9) are likewise extremely labile toward alkali. 
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the Bergmann and Zervas carbobenzoxy technique (6), the 
benzylearbonyl residue subsequently being removed by phos- 
phonium iodide in acetic acid solution (10). 

Dicarbobenzory-I-C ystyldi-l-Diethyl Glutamate—Dicarbobenzox- 
ycystyl chloride prepared from 24 gm. of dicarbobenzoxycystine 
(6) was added at once to a chilled dry ether solution of excess 
diethyl glutamate. The mixture was shaken vigorously for an 
hour at room temperature, filtered, the residue washed with ether, 
then with ice water, and finally dried. The coupling product was 
crystallized by dissolving in hot ethanol and adding hot water to 
turbidity. On slow cooling, the substance appeared in long 
needles. Yield, 32 gm.;m.p., 145°. 


CoH wOuN WS: (878.4). Calculated. N 6.4, Ss 7.3 
Found. “69, 7.3 


Anhydro-l-Cystyldi-l-y-Ethyl Glutamate—10 gm. of the coupling 
product were dissolved in 140 cc. of warm glacial acetic acid and 
treated with 10 gm. of pulverized phosphonium iodide. The 
mixture was placed in a water bath at 50° and a stream of dry 
hydrogen passed through. The reaction was complete after 3 
hours. A thick yellow syrup remained when the solution was 
evaporated in vacuo. It was taken up in a little glacial acetic 
acid and treated with an excess of dry ether. The cysteinyl- 
diethyl glutamate hydroiodide separated as a thick syrup. The 
ether was decanted and the syrup dissolved in alcohol and treated 
with dry NH; gas at 0° until saturation occurred. Crystallization 
of the anhydride began rapidly and was complete in 24 hours. 
It was filtered off, washed with alcohol, then with water, and 
allowed to dry in the air. The substance was then suspended in 
water to which some ammonia and a drop or two of FeCl; solution 
had been added, and the mixture was aerated for 48 hours. Crys- 
tallization was effected by dissolving the substance in hot glacial 
acetic acid and adding hot water to turbidity. On cooling, short 
needles separate. Yield, 4.1 gm.;m.p., 259°. 

The diketopiperazine is soluble without decomposition in warm 
glacial acetic acid and in warm formamide. It dissolves in warm 
dilute alkali to give a yellow solution which on acidification evolves 
H.S and yields a yellowish, CS,-insoluble precipitate. The latter 
may be the analogue of that polymeric anhydride which Bergmann 
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and Stather isolated from the alkaline digestion products of 
anhydrodileucyleystine (5) 


C2oHyoOgN 82 (518.3). Calculated. N 10.8, § 12.3 
Found. ** 10.9, ** 11.9 


Dicarbobenzory-l-C ystyldi-l-Dimethyl Glutamate—This was pre- 
pared exactly as the diethyl compound. Yield, 7.5 gm. from 8 


gm. of dicarbobenzoxycystine; long needles from methanol-water; 
m.p., 139°. 


CyeHeOuN Sz (822.4). Calculated, N 6.8; found, N 6.9 


Anhydro-l-C ystyldi-l-y-M ethyl Glutamate—Tufts of fine needles 
were obtained from dilute acetic acid; m.p., 258°. 


CisH2OsN,S. (490.2). Calculated, N 11.4; found, N 11.5 


Dicarbobenzory-l-Cystyldi-l-Diethyl Aspartate—The yield of 
coupling product from 8 gm. of dicarbobenzoxycystine was 6.5 
gm.; long needles from ethanol-water; m.p., 145°. 


CysHspOuN S2 (850.4). Calculated, N 6.6; found, N 7.0 


Anhydro-l-Cystyldi-l-8-Ethyl Aspartate—Beautiful prisms were 
obtained from dilute acetic acid; m.p., 246°. 


CisH2OsN 8. (490.1). Calculated, N 11.4; found, N 11.6 


Dicarbobenzory-l-Cystyldi-l-Ethyl |Tyrosinate—Dicarbobenzox- 
ycystyl chloride from 4 gm. of dicarbobenzoxycystine was added to 
an excess of tyrosine ethyl ester in dry ethyl acetate, the mixture 
shaken for an hour, filtered, and the gelatinous coupling product 
washed with dilute HCl. After solution in hot ethanol, it was 
precipitated with hot water. A final crystallization from dilute 
acetic acid yielded a product melting at 168-175°. Yield, 3 gm. 


CyHsoOiu.NS. (890.4). Calculated, N 6.3; found, N 6.3 


Anhydro-l-C ystyldi-I-T yrosine—Following the reduction, con- 
densation, and oxidation procedures, the free anhydride was 
washed with dilute HCl, then with water, and finally dried in air. 
Yield, about 60 per cent of the theory. The substance was pure 
white in appearance, and insoluble in all non-aqueous solvents but 
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hot formamide. It was recrystallized by dissolving in an excess 
of hot formamide, chilling, and then treating with cold water, 
The diketopiperazine separated in tufts of very fine needles. M_p,, 
283° with brisk decomposition. 

Although the material was soluble in cold dilute NaOH without 
apparent decomposition, attempts to precipitate it on immediate 
acidification were unsuccessful. Alteration of the molecule may 
have occurred during the very short space of time required com- 
pletely to dissolve in alkali. Prolonged action of alkali results in 
visible decomposition. 


CogHopOeN.S:2 (530.2). Calculated. N 10.6, 8 12.1 
Found. “ 10.7, 11.8 


Dicarbobenzoxy-l-Cystyldi-l-Ethyl Cysteinate (III)*—From 4.5 
gm. of dicarbobenzoxycystine, the acid chloride was prepared with 
the aid of 4.1 gm. of PCI; in 80 ec. of dry ether. During filtration 
of the chloride, 4.5 gm. of cysteine ethyl ester hydrochloride were 
suspended in 75 cc. of dry chloroform and treated with 5 ce. of 
diethylamine. On shaking, the ester hydrochloride rapidly 
dissolved. The solution was chilled and the dicarbobenzoxycystyl 
chloride added rapidly with shaking. The clear solution was 
allowed to stand for 2 hours at room temperature and then filtered. 
The filtrate was shaken out with ice-cold dilute HCI, then twice 
with cold water, and finally dried for several hours over NaSO,. 
The residue on evaporation in vacuo was a thick yellow oil. It 
was taken up in a little ethyl acetate and treated with an excess of 
petroleum ether. The gum which separated gradually hardened. 
M.p., 72-76°. It was used in the following procedure without 
purification. 


CeHwOioN Sy (770). Calculated, N 7.23 found, N 7.2 


Anhydro-l-Cysteinyl-l-Cysteine (V)—The raw coupling product 
dissolved in glacial acetic acid was treated as above with phos- 
phonium iodide. The reduction was complete after 3 hours. 
Evaporation in vacuo yielded the dipeptide ester, cysteinylceysteine 
ethyl ester hydroiodide, as a thick yellow syrup. After the material 
was treated with ether, the syrup was taken up in ethanol and 
saturated as usual with NH; gas at 0°. Foci of crystallization 


‘ The roman numerals refer to formule in the introductory section. 
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began after several hours and crystallization was complete after 
24 hours. The crystals were beautiful, well defined prisms. The 
substance was filtered off rapidly, washed with cold alcohol and 
ether, and dried in vacuo. Yield, 0.5 gm. 

A 1 per cent solution in boiled water was saturated with H,S gas 
and allowed to stand for 48 hours. It was then filtered, condensed 
in vacuo, and the clusters of large prisms formed were filtered off 
and dried rapidly. The substance crystallized from water with 0.5 
molecule of water of crystallization. It began to sinter at 203° 
and melted with decomposition at 208°. It is soluble in water, 
alkali, mineral acids, and glacial acetic acid, not in organic sol- 
vents. The aqueous solution was slightly acid to litmus, gave a 
strong nitroprusside reaction, and yielded a flocculent precipitate 
with neutral lead acetate, silver nitrate, and mercuric sulfate. 
Treatment of the substance with alkaline plumbite rapidly yielded 
PbS at room temperature. With picric acid-K2CO; it gave a very 
deep red color on warming. The ninhydrin reaction was negative. 
The material has a typical mercaptan odor. 

0.096 gm. of the dried substance requires 11.9 cc. of 1 per cent 
iodine solution; found, 11.5 ce. 

The compound was dried for analysis at 80° and 1 mm. pressure.® 


CeHioO2N.8:. Calculated. C 35.2, H 4.8, N 13.6, 8 31.0 
206.2 Found. “* 35.4, * 4.6, “* 13.9, “* 30.5 
‘Calculated for 0.5 molecule H,O, 4.2% (for the substance dried over 
H,SO,); found after drying at 80° at 1 mm., 4.0% 
[alp for an 0.8% solution in water was —62.5° 


Bisanhydro-l-Cystinyl-l-Cystine (VI)—0.35 gm. of the anhydro- 
lL-cysteinyl-l-cysteine was dissolved in 40 cc. of water with warming. 
The mixture was chilled and 0.5 cc. of 29 per cent H2O- solution 
was added. The mixture was placed in an ice bath. Within a 
few minutes it became turbid and an amorphous precipitate 
settled out. The latter was filtered off and discarded and the 


’ When the anhydride is dissolved in exactly 6 times the amount of 
cold concentrated HC! and allowed to stand at room temperature for 5 
days, cysteinylcysteine hydrochloride crystallizes out in 50 per cent yield. 
M. p. 158°, [aJp = +44.8°. On oxidation it yields crystalline cystinyl- 
cystine. These peptides will be described in a subsequent communication. 
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filtrate was allowed to evaporate slowly in a vacuum desiccator, 
Beautiful long, colorless needles, several mm. in length, began to 
separate. Yield, 0.25 gm. The mercaptan odor had disappeared 
and the material failed to react with either iodine or nitroprusside, 
Heated in a capillary, it began to turn brown at 250° and gradually 
darkened up to 310° without melting. The aqueous solution was 
neutral to litmus and the solid material was insoluble in cold 
ammonia solution in contrast to the behavior of the reduced 
product. No precipitate formed with neutral lead acetate. Addi- 
tion of alkali to the lead solution, however, yielded PbS at room 
temperature within a short time. The substance gave a deep red 
color with K,CO;-picric acid on warming. It crystallizes from 
water with 0.5 molecule of water of crystallization. 

For analysis the substance was dried at 80° and 1 mm. pressure, 


Ci2H iON Sx. Calculated. C 35.2, H 3.9, N 13.6, S 31.3 
408 .4 Found. 7 'aec8, wan te.8, “Ss 
Calculated for 0.5 molecule H.O, 2.2% (for the air-dried material) ; found 
after drying at 100° at 1 mm., 2.7% 


[a]® for a 0.4 per cent solution in water gave the extraordinarily 
high value of +312.5°. The solution maintained this value over 
several hours standing at room temperature. 

Molecular Weight Determinations—0.252 gm. of the carefully 
dried substance dissolved in 25.1 gm. of glacial acetic acid lowered 
the freezing point of the pure solvent by 0.105°; molecular weight 
calculated, 408; found, 370. 

The diffusion method was likewise employed to estimate the 
molecular weight of the compound. The rate of diffusion of the 
molecule through a sintered glass cell was determined and com- 
pared with the rates found for substances of known molecular 
weight. The time required, for example, for 1 cc. of 0.1 mM glucose 
to diffuse was 18.5 hours; for the substance itself in 0.4 per cent 
solution 24.4 hours were required. Comparison with values for 
other compounds of known molecular weight yielded an estimate 
close to 400 + 20 per cent for the molecular weight of the com- 
pound and suggested the dimeric form (V1). 

Hydrolysis of Bisanhydro-l-Cystinyl-l-Cystine—1 gm. of the sub- 


6 I wish to thank Dr. W. T. Salter for his kindness in collaborating in the 
measurement of diffusion which was carried out with his calibrated cell. 
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stance was boiled for 5 hours with concentrated HCl under the 
reflux. The solution was filtered and concentrated in vacuo, the 
residue taken up in water, and the free cystine precipitated on 
neutralization with sodium acetate. The yield of dried cystine 
was 1.05 gm. or 89 per cent of the theory. 


C.Hi20.N.282 (240). Calculated, N 11.7; found, N 11.7 
SUMMARY 


1. Diketopiperazines of l-cystine combined with either glutamic 
acid, aspartic acid, or tyrosine have been prepared. 

2. The preparation and properties of crystalline anhydro-l- 
cysteinyl-l-cysteine are described. 

3. The oxidation with hydrogen peroxide of the dithiol dike- 
topiperazine leads to the formation of the crystalline dimeric 
molecule, bisanhydro-l-cystinyl-l-cystine. Acid hydrolysis of the 
latter results in an 89 per cent recovery of cystine 
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By MARGARET B. STRAUSS 


(From the Chemical Division, Department of Medicine, the Johns Hopkins 
Hospital and the Johns Hopkins University, Baltimore) 


(Received for publication, December 17, 1936) 


A method has been devised whereby serum or urine may be 
ashed in an electric muffle furnace in 20 minutes at 600° or in 10 
minutes at 750° by the addition of a solution of thorium nitrate. 
5 ec. of serum are ashed as quickly as 1 ec., but a proportionally 
larger amount of thorium must be added. The ash is dissolved in 
0.1 per cent H;PO,, made up to the desired volume, mixed, cen- 
trifuged, and aliquots of the clear supernatant solution are used 
for the determination of potassium. Thorium is thought to form 
double salts with potassium, calcium, magnesium, and sodium 
which volatilize at a much higher temperature (1) than the individ- 
ual salts, with no danger of loss of potassium even at 750°.!. The 
greater part of the thorium in the ash is present as the insoluble 
oxide and the remainder is precipitated from an extract of the ash 
as the insoluble thorium phosphate. The solution, after elimina- 
tion of the precipitate by centrifugation, is used in the determina- 
tion of the bases and is thorium-free.? Thorium nitrate appears 


! Previously, material ashed for a potassium determination was heated 
no higher than 500° because of the probable danger of loss of potassium at a 
higher temperature. This may explain our failure to obtain satisfactory 
results by ashing for 3 hours or longer at 600°, as described by Hald (2). 

* The serum or urine ash may be dissolved in 0.1 % HC! if desired, identi- 
cal results being obtained whether H,;PO, or HC! is used in the extraction. 
Since H;PO, eliminates all thorium, its use is preferred. When ashing has 
taken place at 750°, only small quantities of thorium are found in the HCl 
extract; at 600° larger quantities of thorium will appear in the extract. 
The presence of thorium per se does not interfere with the determination of 
potassium, but because of its insolubility in the platinic chloride-alcohol 
mixture, additional washing is necessary to prevent occlusion of the pla- 
tinic chloride reagent. 
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to act as a catalyst in so far as the time required for the ashing of 
serum is shortened. A pure white ash is obtained in a maximum 
of 25 minutes when the dry Th(NOs;),-serum mixture is heated 
in an oven at 550-600°, whereas 10 to 12 hours at 500-600° are 
necessary to obtain a pure white ash from a serum-sulfuric acid 
mixture. 

Reagent— 

10 per cent thorium nitrate.*: 4 

Ashing 

Serum—lInto a 50 ce. silica beaker are pipetted 1 cc. of serum, 
1 cc. of 10 per cent thorium nitrate, and 2 drops of 4 N H,SO,. 

Urine—A volume of urine or diluted urine is ashed which will 
give an amount of potassium within the range of the method 
suitable for its determination. Under these conditions 0.5 ce. of 
10 per cent thorium nitrate is sufficient for the ashing. To insure 
acidity of the mixture and to expel any carbonate which would 
otherwise precipitate the thorium 0.5 cc. of 4 N H2SQ, is also added. 

Foods—Various types of foods have also been ashed with the 
same procedure which is used for urine except that the sample was 
left in the oven for 30 minutes at 750° to complete the ashing. 
Satisfactory results were obtained in a fraction of the time for- 
merly necessary to ash such material. 

The solution is thoroughly mixed by carefully rotating the 
beaker. The beaker is placed on a steam bath and the contents 
evaporated to approximate dryness. This procedure takes no 
more than 20 to 30 minutes. The beaker is then placed on the 
outer door of an electric muffle furnace previously heated to 750°. 
It is allowed to stay there for a few minutes and is then moved in 


?Obtained through the kindness of the Maywood Chemical Works, 
Maywood, New Jersey. 

‘ The potassium and sodium contents of many samples of thorium nitrate 
were determined and were found to be so high as to give blanks which were 
too large for satisfactory use. The Maywood Th(NO;), was found to bea 
most satisfactory product. By using 0.1 per cent H;PO, in dissolving the 
ash and precipitating out all of the thorium it was found that there was no 
potassium present in the thorium nitrate. If, however, 0.1 N HCl was used 
to dissolve the ash, some thorium was soluble. Usually it occluded enough 
reagent to necessitate the use of 0.04 cc. of 0.01 N Na.S,O; as a blank 
titration. 
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gradually. At no time is there any crackling or spattering. It 
takes no longer than 5 minutes to introduce the beaker into the 
furnace, at which time the muffle door is closed and the beaker is 
kept in the oven at 750° for 10 minutes. A snow-white ash is 
obtained. 

Solution—To the ash is added 1.0 ce. of 0.1 percent H;PO,. The 
ash is pulverized by means of a glass rod and mixed thoroughly. 
Then 5.0 cc. of 0.1 per cent H;PO, are added and the contents of 
the beaker are again carefully mixed. The contents are then 
transferred to a clean, dry, 15 cc. centrifuge tube, centrifuged, and 
the clear supernatant fluid is decanted. A 5 ce. aliquot of the 
supernatant fluid is used for the potassium determination. A 
factor of 1.2 is introduced into the calculations, as 5 ce. of this 
solution represent 0.83 cc. of serum. 


Method of Analysis 


Potassium—5 ce. of dissolved ash, equivalent to 0.83 cc. of 
serum, are taken to dryness on the steam bath in a 50 cc. Pyrex 
beaker and potassium is precipitated as the potassium chloro- 
platinate according to the method of Shohl and Bennett (3) but 
with the modification of Hald (2), in which absolute alcohol satu- 
rated with potassium chloroplatinate is used in precipitating the 
potassium. All results for potassium reported in this paper were 
determined by the titrimetric procedure with 0.01 N NaS,O; as 
described by Shohl and Bennett. — 


Results 


Standard solutions of K,SO, have been added to serum and urine 
before ashing with Th(NO;), and have been recovered with an 
error of +2.6 per cent or less (Table I). 

Several samples of serum and urine were ashed simultaneously 
with the aid of thorium nitrate and also by Neumann’s wet ash 
method (4) with a mixture of concentrated H.SO, and HNOs. 
The wet ashing took place in a large Pyrex test-tube over a free 
flame. The excess sulfuric acid and the ammonia were driven off 
in an electric muffle furnace at 500°. The difference in the potas- 
sium results was +2 per cent between the Th(NO;), ash and the 
Neumann ash methods. This is within the limit of error of the 
method used in determining potassium and shows that there is no 
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TaBLe | 
Recovery of Added K,SO, Standard Solution 
In each case 0.001 part of the amount reported was ashed and analyzed. 























Potassium after Fe 
Potas- | Potas- | addition of standard | Variation 
Substance analyzed im, Lem “ Pn 

o Theoreti-| Pound | eal 
CIEE... 

Human serum.......... | 4.57 5.13 9.70 9.74 | +04 
“ Tt ees ted vedas ee ae 5.13 8.80 8.80 0.0 

o ne ee 4.24 | 10.14 | 14.388 | 14.00 | —2.6 

° ee ee 4.45 10.14 14.59 14.59 0.0 
Hemolyzed serum........ : 6.24 5.13 | 11.37 | 11.33 | —0.4 
Messe conpeusctssah . Ween 5.13 | 14.84 | 14.78 | —0.4 
- Pe ctoetaunedebiacale ee 5.13 | 17.12 | 17.55 | 42.5 
” Pe ee eee .| 14.63 5.13 19.76 19.65 —0.6 
ES ar ere 1 38. 10.02 | 21.21 21.40 +0.9 
Dog _ ey Ore ; 9.06 5.13 14.19 14.40 +1.5 








* The amount of potassium which was added before ashing to the same 
amount of material, the analysis of which is found in the preceding column, 





Tase II 
Potassium Recovered by Two Different Methods of Ashing 


All results are expressed as milli-equivalents of potassium per liter. 
In each case 0.001 part of the amount reported was ashed and analyzed. 























Serum analyzed Urine analyzed 
Th( NOs) ash | Sloumann wet oath a T h(NOs)s ash Neumann wet ash 
5.06 5.07 4.19 | 4.22 
4.62 4.65 13.81 | 13.83 
4.43 4.55 13.94 13.95 
4.62 4.75 10.46 10.45 
4.11 4.12 11.23 11.19 
5.25 5.23 | 5.47* 5.42 











* This result was obtained on the whole blood of a dog. 0.5 ce. of 4N 
H,SO, and 1 cc. of 10 per cent Th(NO;), were added before ashing and the 
sample was left in the oven for 30 minutes at 750°. 


adsorption of the base by the rare earth. These results are shown 
in Table II. 
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SUMMARY 


A method is presented for the rapid ashing of serum, urine, or 
similar biological material, by the use of a salt of the rare earth 
thorium, in a maximum of 15 minutes at 750° or in 25 minutes at 
600°. 

The amounts of potassium found with the thorium ashing 
method agree with those found with the Neumann wet ash tech- 
nique. Theoretical increments of potassium were found when 
pure standard K2SO, solutions were added to serum or urine before 
ashing. 

It is probable that this method of ashing may be adapted to 
the determination of sodium. By the addition of dry Ca(OH). 
to the solution of the ash the phosphate is readily eliminated. 


The author is greatly indebted to Dr. George A. Harrop, Jr., 
and Dr. Mary V. Buell for helpful suggestions in the preparation 
of this paper. 
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A CONVENIENT TYPE OF TONOMETER FOR THE 
EQUILIBRATION OF BLOOD 


By LAURENCE IRVING anp E. C. BLACK 
(From the Department of Biology, University of Toronto, Toronto, Canada) 


(Received for publication, January 14, 1937) 


For determining the oxygen and carbon dioxide capacities of 
blood in equilibrium with known pressures of those gases a com- 
pact and convenient tonometer combined with a blood pipette 
has been described by Barcroft.! We have found that the struc- 
ture of the tonometer can be modified to make it more compact 
and sturdy without sacrifice of accuracy. 

The construction of the combined tonometer and pipette is 
shown in Fig. 1. The capacity of the ordinary tonometer is about 
350 ml., but the dimensions D and E (Fig. 1) are mainly deter- 
mined by the apparatus for equilibration and the quantity of 
blood which is to be used. The mouth of the vessel is ground at 
A to receive the correspondingly ground enlargement of the 
pipette. This enlargement is bored at B (Fig. 2) to provide an 
opening through the side tube by means of which the gas sample 
isremoved. In order that blood may not enter the gas sampling 
tube, a roll (/) is provided at the free end of the ground pipette 
enlargement. The neck of the tonometer and pipette enlarge- 
ment should both be made as strong as possible. The pipette 
may have one or two bulbs according to whether duplicate analy- 
ses are desired. The length C of the pipette must be sufficient 
to reach the bottom of the cup in the Van Slyke blood analyzer. 
A convenient bore for the capillary of the pipette is from 1.5 to 1.8 
mm. If the bore is slightly enlarged at the junctions with the 
bore of the stop-cock, to coincide with a stop-cock bore of about 
2.2 mm., the blood is more likely to move past the inevitable 
line of grease at the junction of capillary and pipette without 
trapping bubbles. 


1 Barcroft, J., J. Physiol., 80, 388 (1934). 
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For use, blood is introduced into the tonometer. If the tonom- 
eter is shaped to drain well into the pointed end, 3.5 ml. of blood 


will fill a pipette containing two 1 ml. samples. With smaller 
dimensions 1 ml. of blood will regularly fill a 0.5 ml. pipette. 
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Fic. 1. Section through assembled tonometer and pipette 
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' 
Fic. 2. Cross-section through ground pipette-tonometer connection at B 


(Fig. 1). 


The pipette is inserted and a known gas mixture is used to flush 
the tonometer or it is first exhausted to 0.5 atmosphere, flushed 
from five to ten times with moist nitrogen, and then filled with 
gas components according to manometric measurement. 
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Both apertures to the tonometer are then closed and it is 
ready to be rotated in the water bath for equilibration at a higher 
temperature than that which prevailed during filling. The in- 
creased pressure which results from equilibrating at a higher 
temperature is utilized, after equilibration is complete, to fill 
the pipette. In order to do so the tonometer is held vertically 
in the water bath to allow the blood to drain into the conical end. 
After the blood has collected about the tip of the pipette, the 
stop-cock at the other end of the pipette is very slowly opened, 
and the blood passes up to fill the pipette. 

It is the utilization of the pressure produced by the higher tem- 
perature of equilibration which determines the least volume of 
the tonometer for a given volume of blood. If the filling occurs 
at 20° and equilibration at 37°, if a ml. of blood are required to fill 
the pipette, and if the top of the pipette is 15 cm. above the bot- 
tom, then the volume of the tonometer, V, must bear at least this 
relation to a: 


17 15 a . 

310 Texiss pro’ = %e 
Since for the purpose of equilibration the gas volume is usually 
about 100 times as great as the volume of blood, the pressure 
produced by a 15° change in temperature is quite sufficient to 
fill the pipette. For special volume relations, or when the tem- 
perature of equilibration is low, consideration must be given 
to these dimensions. In the case of equilibrations at lower 
temperature, it may be necessary to fill the tonometer with gas 
in a water bath at lower temperature—say at 10° for equilibra- 
tion at 20°. 

As soon as the pipette is filled, the stop-cock is closed, and 
with the tonometer still in the water bath, the sample of gas 
for analysis is withdrawn through the side opening into a gas- 
handling pipette.. The pipette containing the blood samples 
can then be removed and its contents run directly into the Van 
Slyke apparatus for analysis. 

It is simple and accurate to allow for the slight elevation of 
pressure of the gas during equilibration. After equilibration 
the blood and gas are immediately and easily separated for analy- 
sis. The apparatus is rugged and cheaper to construct than an 
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ordinary blood pipette and separate tonometer, and it has been 
found to be practical for the use of students as well as for research, 


The tonometers may be obtained from Mr. R. W. Chapple, 
University of Toronto, Toronto, or from Mr. J. D. Graham, 
University of Pennsylvania, Philadelphia. 

















ARE THE PHOSPHATASES OF BONE, KIDNEY, IN- 
TESTINE, AND SERUM IDENTICAL? 


THE USE OF BILE ACIDS IN THEIR DIFFERENTIATION 


By OSCAR BODANSKY 


(From the Children’s Medical Service and the Department of Pathology, 
Bellevue Hospital, and the Department of Pediatrics, New York 
University College of Medicine, New York) 


(Received for publication, December 7, 1936) 


The demonstration of increased concentrations of phosphatase! 
in the serum in physiological processes and pathological conditions 
has been pursued intensively during the past few years. Illustra- 
tive of many such studies are those of Kay (1), A. Bodansky and 
Jaffe (2), Woodard, Twombly, and Coley (3) on bone diseases, of 
Roberts (4) and Rothman, Meranze, and Meranze (5) on various 
types of jaundice, and of Gutman, Tyson, and Gutman (6) on 
hyperparathyroidism, Paget’s disease, multiple myeloma, and 
neoplastic diseases of bone. Franseen and McLean (7) have 
compared the phosphatase activity of plasma and bone tissue in 
various tumors of the bone. Investigation has also been made of 
the level of serum phosphatase during digestion (8), in experi- 
mental bile duct ligation (9, 10), and after removal of various 
organs (11). 

It has been generally assumed in such work and proof has been 
offered by Kay (12, 13) that the phosphatases of the different 
tissues and of serum are probably identical, and attempts at 
elucidating the nature and source of serum phosphatase in health 
and disease have been made by several investigators. Thus Kay 
(1) has offered the explanations that the high plasma phosphatase 
in bone diseases comes from the bones either as an overproduction 
in an attempted compensation for the lesion or because of squeez- 

1 The term ‘“‘phosphatase’”’ is used in this paper to denote the enzyme 


acting optimally at a pH of about 9.0 on the monophosphoric esters and 
on hexosediphosphoric acid. 
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ing out from the cells of the injured bone under mechanical stress, 
A. Bodansky and Jaffe (2) and A. Bodansky (8) consider the increase 
in bone: disease of certain types an expression of the “specific 
reactivity of bone” or its capacity for cellular ‘activities; non- 
osseous origins of serum phosphatase in the normal are predicated 
because of the finding of hyperphosphatasemias after carbo- 
hydrate ingestion in young dogs and abundant feeding in new born 
puppies. A more direct experimental approach has been recently 
submitted by Armstrong and Banting (11) who showed that in 
the dog extirpation of the intestines, kidneys, spleen, pancreas, 
liver, testes, or epididymes does not lower the serum phosphatase 
and may, indeed, raise it. Bone is therefore considered as the 
sole source of serum phosphatase. 

Preliminary to the investigation of such source and of the 
mechanism of the various hyperphosphatasemias is the necessity 
for determining whether the phosphatases of the tissues and of the 
serum are indeed identical or, if not, the manner in which they 
differ and the means by which they may be distinguished. 

The present paper describes attempts to answer some portion of 
these questions by studying the pattern of hydrolysis by the 
different tissue phosphatases of several phosphoric esters, and the 
hydrolysis of sodium §-glycerophosphate in the presence of differ- 
ent types of retardants, principally and usefully, the bile acids. 
Since the bone, kidney, and intestine have been considered to 
contain the highest concentrations of phosphatase (12),? the present 
investigation has begun with the study of the phosphatases of 
these tissues from several species, including man. It is shown 
that the bile acids retard the hydrolysis of sodium §-glycerophos- 
phate by bone and kidney phosphatases but do not affect that by 
the intestinal phosphatases. The applicability of these findings 
to the study of the source and nature of serum phosphatase, in 
health and in disease, is then considered. 


EXPERIMENTAL 


Preparations of Phosphatase—In the designation of the prepara- 
tions used in the course of the present work, the first capital letter 
denotes the species from which the tissue was obtained; a second 


2 Recently Folley and Kay (14) have found the mammary gland of 
guinea pig to contain comparable concentrations of phosphatase. 








Case 
cific 
10n- 
ited 








O. Bodansky 343 


small letter is added, if necessary: C represents cattle, Ca cat, R 
rat, M man, Rb rabbit. The second capital letter represents the 
tissue: B represents bone, K kidney, I intestine; and the third 
capital letter merely represents stock batches of phosphatase made 
up at different times. The small letter, d, immediately following 
the hyphen designates dialysis, usually overnight against a 20-fold 
volume of distilled water, changed once, as has previously been 
described (15). A small letter, p, following d, designates that 
dialysis was continued until a precipitate appeared, and that a 
solution was made from this precipitate with the aid of a little 
dilute sodium hydroxide. The capital letter, P, following imme- 
diately after the hyphen designates that the preparation was 
made as a powder by the method of Albers and Albers (16), to be 
described, and d following P, in this case, indicates dialysis of the 
solution made from this powder. Numbers following d represent 
different batches of the stock phosphatase extracts which were 
taken for dialysis. 

Most of the preparations were obtained, as previously described 
(15, 17), by extraction and 2 to 3 day autolysis of the tissue at 
room temperature; 20 cc. of distilled water and 1 cc. of toluene 
were used per gm. of tissue. Human tissues were obtained at the 
autopsy table. The kidney phosphatases, Preparations CKA-Pd, 
CKB-Pd, and MKA-Pd, were prepared by the method of Albers 
and Albers (16). This consists in a 4 to 5 day autolysis of the 
tissue in a mixture of toluene, ethyl acetate, and 50 per cent ethyl 
alcohol. After completion of autolysis, ethyl alcohol is added to a 
concentration of 65 per cent; the precipitate contains the phos- 
phatase, is centrifuged, and may be dried with alcohol and ether. 
The dried preparation maintains its activity well. In the present 
studies, the precipitate was dissolved with the aid of a little dilute 
sodium hydroxide. The activity of such dialyzed preparations 
remained constant for weeks. The serum phosphatases were 
obtained from rabbit, cat, and man. The serum from two subjects 
with Paget’s disease (osteitis deformans) were used for the illustra- 
tion of the reaction of a pathological serum. The serum was not 
subjected to any purification or dialysis, but was usually diluted 
with water or saline and used in a concentration of 12.5 per cent 
by volume of the hydrolysis mixture. There was no attempt to 
use the enzyme preparations at a given time after extraction; it 
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was considered desirable that whatever distinguishing reactions 
they might show should be independent of this time factor. 

Substrates and Retardants—All substrates were used in a concen- 
tration of 0.0127 m, calculated on the basis of the phosphorus that 
could be liberated as inorganic phosphate. The sodium 8-glycero- 
phosphate was the Eastman Kodak product. Sodium hexosedi- 
phosphate was prepared from the calcium salt, candiolin (Winthrop 
Chemical Company), by treatment with a submaximal amount of 
sodium oxalate to avoid subsequently the possible retardant effeet 
of the oxalate ion; the resulting solution contained, per ce. of 
hydrolysis mixture, 0.025 mg. of calcium and 0.045 mg. of phos- 
phorus as inorganic phosphate. The propylphosphoric acid was 
prepared as the- barium salt and the benzylphosphoric acid as the 
potassium salt, according to Asakawa (18). The barium salt of 
propylphosphoric acid was dissolved in minimal hydrochloric acid, 
and the barium precipitated with sodium sulfate. 

Conditions of experimentation necessarily limited the use of 
certain retardants. Thus mercuric chloride was employed in 
concentrations below 0.00125 m to avoid the formation of mercuric 
hydroxide at the pH of the hydrolysis mixture. The use of the 
cinchona alkaloids was limited either because of their low solu- 
bility at the alkaline pH of the hydrolysis mixture or because, in 
the subsequent Fiske-Subbarow method (19) for the determina- 
tion of phosphorus, they were precipitable as phosphomolybdie 
salts (20) and thus capable of distorting the determination of 
phosphorus. 

Sodium taurocholate and sodium glycocholate were Pfanstiehl 
products; sodium desoxycholate, dehydrocholic acid, and glyco- 
cholic acid were Riedel-de Haen products.’ The acids were made 
up as the sodium salts by solution in an equivalent amount of 
dilute sodium hydroxide; the sodium dehydrocholate was made up 
just before use. In the optimal pH range (9.0 to 9.2) for the 
hydrolysis, the bile acids were present as the salts; reference in the 
text is made interchangeably to acid or salt. 

The trichloroacetic acid in which the hydrolysis samples were 
introduced in order to stop the reaction and precipitate the protein 


3I am obliged to the Winthrop Chemical Company for the candiolin 
used in these experiments, to Riedel-de Haen, Incorporated, for the dehy- 
drocholic acid, and to Professor W. T. Dawson for the cinchona alkaloids. 
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was found to precipitate all the bile acids used with the exception 
of cholic acid. It was noted that sodium cholate, not precipitated 
by the trichloroacetic acid, was precipitated in the course of the 
subsequent Fiske-Subbarow determination, together with molyb- 
date and phosphate, thus giving low and incorrect values for the 
latter. For this reason, the use of cholic acid was avoided in the 
present studies. 

The possibility of precipitation of bile acids by magnesium ion 
was noted by Schmidt and Merrill (21) and originally by Teng- 
strém (22). Of the bile acids used in the present study, only 
desoxycholic was precipitated by the optimal concentration of 
magnesium ion (0.009 m); for this reason the sodium desoxycho- 
late was used in a somewhat lower concentration (0.00125 m) 
in the hydrolysis mixture, than the other bile acids (0.00625 mo). 
The bile acids, as well as other retardants, were tested under 
conditions corresponding to those of the experiments to insure 
lack of effect on the determination, by the Fiske-Subbarow 
method, of phosphorus. 

Determination of Activity of Phosphatases—In previous papers 
(15, 17) it was shown that a-amino acids in very low concentra- 
tions increased the activity of phosphatase by preventing its in- 
activation during the course of the reaction. Optimal prevention 
of inactivation occurred at a concentration of 0.00625 m for glycine. 
Magnesium ion was found to increase the velocity with which the 
reaction started; in agreement with previous workers (12), the 
optimal effect occurred at concentrations of 0.001 to 0.01 m. In 
the presence of optimal concentrations of both magnesium and 
glycine, a direct proportionality was established between reaction 
velocity and concentration of phosphatase and this was taken to 
indicate that, under these conditions, the concentration of active 
enzyme was the same as that of the apparent concentration. In 
the present study, therefore, the activity has been determined in 
the presence of 0.00625 m glycine and a concentration of mag- 
nesium in the optimal range, usually 0.009 m. It was determined, 
on bone and intestinal phosphatase preparations, that these con- 
centrations were optimal for the hydrolysis in the presence of bile 


acids. 
The desirability of comparing enzyme activity at optimal pH in 
studies of the effect of variation of substrate or enzyme concen- 
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tration, or of the presence of retardants, is generally recognized, 
The precise range of pH necessary for the optimal] action of phos- 
phatase on the substrates considered in the present work is subject 
to some disagreement owing to the fact that different investigators 
have used enzyme extracts prepared in different ways, different 
buffers, and different methods of measuring the extent of enzyme 
action. However, in general, such work, especially that done more 
recently (12, 18), indicates that the pH range for optimal action is 
narrow (9.0 to 9.2) and the slopes of the pH-activity curve on 
either side of the optimum steep. 

For these reasons it was necessary, as has previously been 
stated (15, 17), to insure in each case that the determination of the 
phosphatase activity was indeed conducted at the optimal pH. 
For each determination a series of hydrolyses, constituting in 
effect a very closely spaced pH-activity curve in and about the 
optimal range, was run. The hydrolysis showing optimal action 
was chosen to represent the activity. Numerous pH determina- 
tions, mostly colorimetric, were made and agreed with the observa- 
tions of previous workers that optimal activity was in the region 
pH 9.0 to 9.2. The presence of bile salts or other retardants, in 
the concentrations employed, did not alter this optimal range. 
This method, though somewhat laborious, has been used previ- 
ously in successfully eliciting precise relationships between the 
activity and concentration of phosphatase (15, 17). 

The technique of conducting the determination of activity was 
as follows: To each of four test-tubes, 1 cc. of 0.1016 m sodium 
8-glycerophosphate (or an appropriate volume of the solution of 
another substrate), 0.4 cc. of 10 per cent sodium diethylbarbiturate, 
0.1 ec. of 0.5 m glycine, and 0.05 cc. of 1.45 M magnesium chloride 
were added. The amount of sodium hydroxide was graded in the 
four tubes, usually from 0.0 to 0.3 cc. of 0.2 N sodium hydroxide. 
Distilled water was then added so that when the phosphatase 
extract was introduced the total volume amounted to 8 ce. In 
those cases in which retardants were used, appropriate volumes of 
solutions of these were added. The concentration of phosphatase 
was expressed as volumes per cent of extract present in the hydrol- 
ysis mixture. 

The solution to be hydrolyzed and the enzyme were brought to 
temperature in a thermostat maintained at 25° + 0.05° (or any 
other temperature as given in the text). The phosphatase extract, 
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usually 1 cc., was added at a given time to the tube containing the 
hydrolysis mixture. The tube was immediately removed from 
the thermostat for a few seconds, and the contents were thoroughly 
mixed. Cooling was negligible. 

At given time intervals samples of 1 cc. were withdrawn and 
added to a measured volume of trichloroacetic acid, filtered when 
there was a precipitate of protein or bile acid, and an aliquot taken 
for the determination of inorganic phosphate. The amount 
liberated per cc. of hydrolysis mixture was calculated. The 
amount of inorganic phosphate present at 0 time was calculated 
from the determinations of the content of inorganic phosphate in 
the substrate, enzyme extract, etc., if these contained any. The 
time course of the reaction was plotted. The reciprocal of the 
time in minutes necessary for the liberation of 0.05 mg. of phos- 


TABLE I 
Early Course of Hydrolysis Showing Inorganic Phosphate Liberated per Ce. 
of Hydrolysis Mixture with Optimal Activity at pH 9.1 

















Time | Concentration of Pasinor- | P liberated as inorganic 
ganic phosphate phosphate 
min | mg. mg. 
0 | 0.0007 
33 0.0370 0.0363 
46.5 0.0497 0.0490 
59 | 0.0612 | 0.0605 








phorus as inorganic phosphate per cc. of hydrolysis mixture was 
designated as Q and represented the activity of the enzyme. 

A typical determination is illustrated by the following protocol. 
Four test-tubes containing solutions, made up as just described, 
were brought to 25°. At a given time, 1 cc. of bone phosphatase, 
Preparation CaBA-d3, similarly brought to 25°, was added to each 
tube, and the contents immediately mixed. Samples were taken 
at 33, 46.5, and 59 minutes. Since there was no protein precipi- 
tate when the samples were introduced into the trichloroacetic 
acid, it was not necessary to filter the latter. The inorganic phos- 
phate was determined by the Fiske-Subbarow method (19) in a 
final volume of 10 cc., and calculated per ec. of hydrolysis mixture. 
The readings for different points in the hydrolysis showing optimal 
activity, at pH 9.1, are given in Table I. The phosphorus liber- 
ated was plotted against the time; the abscissa corresponding to 
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the ordinate 0.0500 mg. was 47.6 minutes. @Q, the reciprocal, was 
0.0211. 


TABLE IT 


Rate of Hydrolysis of Phosphoric Monoesters and of Hexosediphosphori¢ 
Acid by Tissue Phosphatases 


Temperature, 25°; concentration of phosphatase extract, 12.5 per cent 
by volume of the hydrolysis mixture, except for Preparation RbIA-d, 
50 per cent; concentration of substrate, 0.0127 M, on the basis of phosphorus 
liberated as inorganic phosphate. Activity is expressed as the reciprocal 
of time in minutes necessary for liberation of 0.05 mg. of phosphorus ds 
inorganic phosphate per ec. of hydrolysis mixture, and also relative to 
the rate of action when sodium §-glycerophosphate is used as substrate, 
All determinations are in the optimal pH range, 9.0 to 9.2; at optimal 
concentrations of glycine, 0.00625 mM, and of magnesium, 0.009 Mo, 


Rate of action on 


Sodium : . . 
, oe Pot um benzyl- Sodium hexosedi- Sodium propyl- 
Preparation | oo. | pan be ny 2 ole ron heaiale, 
| Qo.0s Qo.0s a Qo.05 ps or | Yo.0s = 
Bone phosphatases 
per cent per cent per cent 
| 
CBH-dp | 0.0083 | 0.0071 85 0.0043 52 0.0007 8 
CBJ-d | 0.0092 | 0.0067 73 0.0051 55 0.0007 7 
CaBA-d | 0.0203 | 0.0060 | 30 |0.0140| 70 
Kidney phosphatases 
CKA-Pd 0.0463 | 0.0468 101 0.0378 Sl 0.0044 10 
RKJ-d 0.0120 0.0087 73 
RKH-d 0.0017 0.0011 65 
Intestinal phosphatases 
RIH-d3 | 0.0333 | 0.0285 86 0.0318 96 0.0017 5 
RbIA-d 0.0127* | 0.0197 155 =| 0.0149 117 0.0013 10 
CalA-d 0.0145 | 0.0105 | 72 0.0083 57 =|: 0.0006 4 


* This value was calculated from the activities for 12.5 per cent and 
75 per cent of this preparation; proportionality between concentration 
of enzyme and activity for this preparation was previously reported (15). 


Results 


Action of Phosphatases on Phosphoric Esters—In Table II are 
shown the activities, Qo.os, of the tissue phosphatases on the vari- 
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ous substrates. When the reaction velocity, Qo.os, for the action 
on sodium §-glycerophosphate was taken as 100, and the reaction 
velocities for the hydrolysis of other substrates were compared to 
it, it was seen that the phosphatases of a given tissue from different 
species did not exhibit a constant pattern of relative actions. To 
illustrate, a cattle bone phosphatase, Preparation CBH-dp, 
showed a relative activity of 85 for the benzylphosphate and 
52 for the hexosediphosphate; a cat bone phosphatase, Prepa- 
ration CaBA-d, showed for these two substrates relative reaction 
velocities of 30 and 70, respectively. The other tissue phospha- 
tases showed similar variations, and these variations were such as 
to make it impossible to differentiate an intestinal from a kidney 
or a bone phosphatase. 

Effect of Cinchona Alkaloids, and of Mercuric Chloride on Activity 
of Phosphatases—Rona and his coworkers (23, 24) found that 
quinine and some related alkaloids decreased the activity of the 
invertases and of the lipases, the latter to varying degrees, depend- 
ing on their source. As was mentioned earlier in this paper, 
the concentration in which the cinchona alkaloids could be tested 
for their effect on the phosphatases was limited by their solubility 
at the optimal pH (9.0 to 9.2) of the reaction and by the possibility 
of formation of a phosphomolybdate precipitate in the subsequent 
Fiske-Subbarow determination for phosphorus. 

Rona and Reinicke (24) found that 7 X 10~* mM quinine retarded 
the activity of human serum lipase 50 per cent. A few preliminary 
experiments showed that neither quinine nor cinchonine in a 
concentration of 12.5 xX 10°-* m nor quitenidine in the higher 
concentration of 19 X 10~° m had any definite effect on the hydrol- 
ysis of sodium 8-glycerophosphate by bone, kidney, or intestinal 
phosphatases. 

Mercuric chloride has been found to decrease the activity of 
ptyalin, pepsin, invertase, and catalase (25-27). In the present 
study it was found that 0.00125 m mercuric chloride, within the 
range of the concentrations reported retardant for the other 
enzymes, decreased the activity of the phosphatases. These 
decreases were, however, not marked and did not serve to differen- 
tiate the phosphatases from different tissues. Thus, Qo.os for 
bone phosphatase, Preparation CBJ-d, decreased from 0.0092 to 
0.0075 or 19 per cent, that for kidney phosphatase, Preparation 
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CKB-Pd, from 0.071 to 0.065 or 9 per cent, and that for intesting] 
phosphatase, Preparation CalB-d, from 0.119 to 0.0107 or 10 per 
cent. 

Effect of Bile Acids on Activity of Bone, Kidney, and Intestinal] 
Phosphatases—The salts of the bile acids have been shown to 
increase the activity of lipases (28, 29) and of trypsin in the acid 
range (30), and to decrease the activity of trypsin in the alkaline 
range (30). Sodium cholate has been reported to decrease the 
activity of kidney, bone, and liver phosphatases (31, 32) of dialyzed 
kidney and liver lecithinases (33), and to increase the activity of 
these undialyzed tissue lecithinases. As was mentioned earlier 
in this paper, it was not found possible to study the effect of 
sodium cholate on the activity of the phosphatases, since this bile 
acid did not precipitate in the trichloroacetic acid used to stop the 
hydrolysis and, as appeared from experiments with known amounts 
of phosphorus, precipitated together with phosphate and molyb- 
date in the subsequent Fiske-Subbarow procedure.‘ 

Table III shows the effect of the sodium salts of taurocholie, 
glycocholic, desoxycholic, and dehydrocholic acids on the rate of 
hydrolysis of sodium §-glycerophosphate by bone, kidney, and 
intestinal phosphatases. The reaction velocities in the presence 
of the bile acids are expressed as percentages of the original re- 
action velocity. Thus for the bone phosphatase, Preparation 
CaBA-d3, the value for Qo.os was 0.0211, 0.0198 in duplicate 
determinations; in the presence of 0.00625 m sodium taurocholate, 
the values for Qo.os were 0.0114, 0.0105, 0.0104, and the average of 
these, 53 per cent of the reaction velocity in the absence of bile 
acid. Qo.os for the intestinal phosphatase, Preparation CalB-d2, 
was 0.0126. In the presence of 0.00625 m sodium taurocholate, 
values for Qo.os were 0.0127, 0.0121, and the average of these, 98 
per cent of the original reaction velocity. In general, the error in 
the determination of Q, under the conditions of the present experi- 
ments, can be placed at Jess than 5 per cent. 

The results show a clear cut differentiation between the effect 
of the bile acids on the activity of bone and kidney phosphatases, 


‘Takata (31) determined inorganic phosphate by precipitation from 
the trichloroacetic acid filtrate with magnesia mixture, conversion of the 
magnesium ammonium phosphate into ammonium phosphomolybdate, and 
titration. 
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TaB_e III 
Effect of Bile Acids on Activity of Bone, Kidney, and Intestinal Phosphatases 


Temperature, 25°, except for Preparations CaBA-d2 and MIA-d, 28°; 
concentration of enzyme, 12.5 per cent by volume, except for Prepara- 
tions CaBA-d2 and RbIA-d, 50 per cent; for Preparation MIA-d, 37.5 
per cent, for Preparation CKB-Pd, 6.25 per cent, and for Preparation 
MIC-d, 25 per cent. The concentration of bile acid as the sodium salt is 
0.00625 m, except for sodium desoxycholate, 0.00125 m. The activity in 
the presence of bile acid is expressed in per cent of the original activity 
of the phosphatase; all determinations at optimal pH, 9.0 to 9.2; and op- 
timal concentrations of glycine, 0.00625 M, and magnesium, 0.009 mM. Con- 
centration of sodium §-glycerophosphate, 0.0127 M. 
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| Relative activity in presence of 
Activity 
| 



































— | Os Sodium | Sodium Sodium Px J 

taurocholate glycocholate | desoxycholate chelate 

Bone phosphatases 
per cent per cent per cent | per cent 
CBJ-d 0.0002 | 47 | 4 | 67 66 
CBH-dp 0.0083 | 51 64 
CaBA-d 0.0203 56 43 70 63 
CaBA-d3 | 0.020 | 53 | 43 | Lae 
CaBA-d2 | 0.0940 55 | | 
Kidney phosphatases 
CKA-Pd | 0.0463 47 | 73 63 
CKB-Pd | 0.0355 43 75 
RKJ-d | 0.0120 | 58 | 
RKH-d 0.0017 | 50. 
CaKA-d 0.0047 | 51 
MKA-Pd 0.0295 52 43 65 57 
Intestinal phosphatases 

RIH-d3 0.0333 | 100 % | 100 98 
RbIA-d 0.0127 97 
CalA-d 0.0145 98 
CalIB-d | 0.0119 96 98 
CaIA-d2 | 0.0114 99 100 
CaIB-d2 | 0.0126 98 107 96 105 
MIA-d | 0.0175 103 
MIC-d 0.0073. | 104 102 102 84 
MID-d | 0.0227 | 100 103 105 
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on the one hand, and on that of the intestinal phosphatases, op 
the other. The rate of hydrolysis of sodium §-glycerophosphate 
by the intestinal phosphatases is not affected by the presence of 
taurocholic, glycocholic, desoxycholic, nor, except for some slight 
retardation of the action of Preparation MIC-d, by dehydrocholie 
acid. In contrast, the retardation of the activity of the kidney 
and bone phosphatases by the same concentrations of bile acids is 


TaBLe IV 
Effect of Inactivated Phosphatase Tissue Extracts on Retardation of 
Phosphatase Activity by Taurocholic Acid 
Temperature, 25°; concentration of substrate, sodium §-glycerophos- 
phate, 0.0127 M; concentration of taurocholic acid as sodium taurocholate, 
(0.00625 M; optimal pH, 9.0 to 9.2; and optimal concentrations of glycine, 
0.00625 mM, and magnesium, 0.009 . 





— = a = 














Qo 0 
a Inactivated phosphatase = 
Phosphatase preparation preparation Nosodium | In presence of 
| taurocholate sodium 
added taurocholate 
Intestinal preparations, active 
6.25% cat intestinal, | 6.25% cat bone, 
CalB-d | CaBA-d | 0.0059 0.0059 
12.5% human intestinal,| 125% cat bone, | 
MID-d CaBA-d3 | 0.0194 | 0.0207 
11.1% human intestinal, | 11.1% human kidney, | 
MIB-d MKA-Pd | 0.0047 0.0051 
Bone preparations, active 
12.5% cat bone, CaBA- | 12.5% human intes- | 
d3 | tinal, MID-d | 0.0198 | 0.0110 
12.5% cat bone, CaBA- | 12.5% cat intestinal, | 


d3 Cal B-d2 | 0.0198 0.0093 


marked: a decrease to about 50 per cent in the presence of tauro- 
cholic acid, to about 45 per cent for glycocholic acid, and to about 
65 per cent for desoxycholic and dehydrocholic acids. The 
existence of retardation of phosphatase activity by bile acids is 
thus characteristic of the tissue source of the phosphatase and, to 
the extent here investigated, independent of the species. 

The results of Table IV and, as will be pointed out later, also 
those of Tables VI and VII, indicate that the effect of the bile 
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acids is probably not dependent on any substance in the tissue 
extracts other than the active enzymic component. Thus the 
addition of 12.5 per cent of the heat-inactivated cat intestinal 
phosphatase, Preparation CaIB-d2, did not alter, beyond experi- 
mental variation, the extent of retardation of the activity of the 
eat bone phosphatase, Preparation CaBA-d3, by sodium tauro- 
cholate. On the other hand, the addition of heat-inactivated 
human kidney phosphatase, Preparation MKA-Pd, to human 
intestinal phosphatase, Preparation MIB-d, did not lead to a 
retardation of the latter by sodium taurocholate. As the other 
results bring out more fully, retardation by taurocholic acid occurs 
if the active component is bone phosphatase; it fails to occur if 
the active component is intestinal phosphatase, the presence of 
other tissue extracts notwithstanding. 

The possibility existed that the intestinal preparations might 
contain sufficient concentrations of bile acids which were already 
exerting optimal retardant effect and that further addition was 
without influence. Though this did not seem likely since the 
tissues were usually washed with saline before extraction and were 
subsequently dialyzed, several preparations of intestinal phos- 
phatase, Preparations RbIA-d, CaIB-d, and MIB-d, were tested 
for bile acids by the Gregory-Pascoe reaction (34). The former 
two preparations were negative; Preparation MIB-d, a tissue 
which had not been washed, yielded a faint positive reaction such 
as that given by only a very small fraction of the bile acid added 
to the hydrolysis mixture. 

There is some indication in the results of Table III that the 
extent of retardation is dependent on the substituent groups in the 
cholanic acid molecule. Thus, 0.00625 m dehydrocholic acid 
(3,7,12-triketocholanic acid) decreased the activity of bone or 
kidney phosphatase to an average of about 65 per cent of the 
original value, while 0.00625 m taurocholic acid, the taurine-con- 
jugated product of 3,7 ,12-trihydroxycholanic acid, decreased the 
activity of these phosphatases to about 50 per cent, and the same 
concentration of glycocholic acid to about 45 per cent. 

Source of Serum Phosphatase—Table V shows that the activity 
of serum phosphatase of rabbit, cat, and man, the last both in the 
normal and in two cases of Paget’s disease, is decreased in the 
the presence of 0.00625 m sodium taurocholate to about 50 per cent 
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of its original value. In addition, it was found that 0.00125 y 
sodium desoxycholate and 0.00625 m sodium dehydrocholate 
decreased the activity of the serum phosphatase of Subject T 
to 77 and 74 per cent, respectively. On the basis of these results, 
serum phosphatase, in the species mentioned and in the two cases 
of Paget’s disease, is to be classed with bone and kidney phos- 
phatases, and not with intestinal phosphatases. 


TABLE V 
Effect of Taurocholic Acid on Activity of Serum Phosphatase * 


Temperature, 25°, except for Subject T, 28°; concentration of substrate, 
sodium §-glycerophosphate, 0.0127 m; concentration of taurocholic acid 
as sodium taurocholate, 0.00625 mM; concentration of diluted serum, 125 
per cent by volume of hydrolysis mixture; optimal pH, 9.0 to 9.2; and 
optimal concentrations of magnesium, 0.009 M, and glycine, 0.00625 m. 
The phosphatase activity of the serum is given on the basis of a concen- 
tration of 12.5 per cent undiluted serum, and the activity in the presence 
of sodium taurocholate is expressed in per cent of the original activity. 








— Kas 




















Relative 
activity in 
Serum Qo.os presence of Remarks 
jum 
| taurocholate 
Normals 
_ cent | ; . a 
Rabbit 0.00154 | 52 Normal animal and human sera 
Cat 0.00078 | 50 | diluted with equal parts of saline; 
Human, A | 0.00095 57 human A, 6 parts with 4 of saline 
= B_ | 0.00200 51 
Paget's disease 
PS VAIL AE Oe TS PT ee TE ER 
Subject T | 0.0512 | 45 Sera diluted with 3 parts of saline; 
“ M | 0.0118 44 T-2 activity determined after 3 
Aa T-2 0.0428 52 | mos. in ice box 





In connection with the assumption that phosphatases from the 
various tissues may enter the blood stream, it was of interest to 
determine whether the characteristic effect of the bile acids on 
the activity of such phosphatases would persist in the presence of 
serum. Table VI shows that a concentration of 6.25 per cent 
serum in the hydrolysis mixture, a concentration equal to or 
greater than the one in which the phosphatase activity of the 
various sera was determined, does not affect the extent of re- 
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tardation of bone phosphatase by sodium taurocholate or the lack 
of retardation, in the presence of this bile acid, of intestinal phos- 
phatase activity. Thus, according to Table III, the activities of 
the cat bone phosphatases, Preparations CaBA-d and CaBA-d3, 
were decreased to about 55 per cent in the presence of 0.00625 m 
sodium taurocholate. When cat serum was present (Table VI) 


Taste VI 

Effect of Taurocholic Acid on Activity of Phosphatases in Presence of Serum 

Temperature, 25°, except for Preparation MIA-d, 28°; concentration 
of substrate, sodium 8-glycerophosphate, 0.0127 m; of sodium taurocholate, 
0.00625 m; of serum, 6.25 per cent by volume of hydrolysis mixture; of 
phosphatase preparation, 12.5 per cent by volume of hydrolysis mixture, 
except for Preparation MIA-d, 37.5 per cent; optimal pH, 9.0 to 9.2; and 
optimal concentrations of glycine, 0.00625 m, and magnesium, 0.009 m. 











Addition of 
Phosphatase preparation , ‘ Qo.os 
6.25 per cent serum a. % 











Cat bone, CaBA-d3 None | None | 0.0205 
Cat serum - 0.0230 
” o Present 0.0105 
“  « ~ CaBA-d None None 0.0203 
Human serum 0.0206 


“ “ Present’ 0.0103 


Human intestinal, MIA-d None None 0.0175 
: Human serum Present 0.0193 

= ai MID-d None None 0.0227 
Human serum ” 0.0215 


“ - Present 0.0217 











Cat " CalB-d None None 0.0126 
Cat serum Present | 0.0135 





the activities were decreased to about 51 per cent in the presence 
of this bile acid. Preparation MID-d showed an activity, Qo.os, 
of 0.0227 ; in the presence of 6.25 per cent human serum, the activ- 
ity was 0.0215, and when both human serum and 0.00625 m 
sodium taurocholate were present, the activity was 0.0217. 

That the characteristic effect of the bile acids on the activity 
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of a given tissue phosphatase is not influenced by the presence of 
another active phosphatase is demonstrated in the results of 
Table VII. To illustrate, the activities of a 12.5 per cent concen- 
tration of cat bone phosphatase, Preparation CaBA-d3, were 
0.0205 in the absence of, and 0.0105 in the presence of sodium 
taurocholate. The corresponding values for a 12.5 per cent 


Tasie VII 
Effect of Taurocholic Acid on Activity of Mixtures of Phosphatases 


Temperature, 25°; concentration of sodium taurocholate, 0.00625 wu, 
of sodium §-glycerophosphate, 0.0127 mM; optimal pH, 9.0 to 9.2; and opti- 
mal concentrations of glycine, 0.00625 mM, and of magnesium, 0.009 mu, 
See the text for the key to the designation of phosphatase preparations. T 
represents a 1:4 dilution of the serum phosphatase of a patient with 
Paget’s disease. The activities of the mixtures are calculated on the basis 
of the activities and the taurocholic acid activity factors for the different 
phosphatases as given in Tables II to VI. 


| Activity in presence of 
sodium taurocholate 





























Composition of mixture of phosphatases | Qo.os Calculated | Observed 

Q kg Qos | Reale 

per | per 

cent cent 

12.5% CaBA-d3 + 12.5% CalB-d2........ 0 .0331/0.0232| 70 |0.0218) 66 
25% os a (0 .0534/0.0340) 63 (0.0320) 60 
2.5% CaBA-d + 10% CalIB-d............. 0. 01360.0114| 84 0.0097} 71 
10% +25% “ _....../0.0186/0.0114} 61 |0.0105) 57 
10% MKA-Pd + 2.5% %, MIB- d............-/0.025810.0134) 52 (0.0123) 48 
25% “ +10% “ wa . 0. 0101)0.0073| 72 |0.0071| 70 
12.5% MID-d + 12. 5% CaBA-d3.. ii ‘0.043010 0333) 77 (0.0310 72 
16% “« + 21.5% -.++ +++ -|0.0642(0.0472| 73 (0.0456) 71 
71%  “ +17.9%T serum.........../0. 02810. 0208| 74 (0.0205) 73 
25% MIC-d7 + 125% “ “ .........../0. 0168/0 .0117| 69 (0.0114) 68 





concentration of cat intestinal phosphatase, Preparation CalB-d2, 
were 0.0126 and 0.0124. The calculated activities of a mixture 
consisting of 12.5 per cent of each of these preparations were 
0.0331 in the absence of, and 0.0232 in the presence of sodium 
taurocholate. The value found for the activity of the mixture 
when the bile acid was present was 0.0218. The other results of 
Table VII show, on the whole, fairly good agreement between the 
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yalues actually observed for the activities of mixtures of phos- 
phatases in the presence of sodium taurocholate and those caleu- 
lated on the basis that this bile acid exerts its characteristic effect 
on each of the phosphatase components of the mixture. 

The above results emphasize the probability that the effect of 
the bile acids on the activity of phosphatase preparations (re- 
tardation of bone and kidney phosphatase activity, and absence 
of retardation of intestinal phosphatases) is an effect on the 
active enzymic component of the preparations. These results 
also indicate the possibility, as will be pointed out more fully later, 
of judging the source of the phosphatase in serum in various 
conditions by determining the extent of retardation of the activity 
of serum phosphatase in the presence of bile acids. 


DISCUSSION 


Kay (12) has considered the phosphatases of the various tissues 
and of plasma to be quite probably identical. Evidence for the 
identity of the enzymes of bone, intestine, kidney, and plasma was 
based on (a) the almost complete removal of phosphatase from the 
different tissues by the same method of extraction, (6) the same 
optimal pH for the action of preparations from the three tissues 
and plasma, (c) hydrolysis of pyrophosphate at a pH optimum 
(7.2 to 7.8) which was the same for the three tissues and plasma, 
(d) stimulation of activity by magnesium ion and maximal stimula- 
lation at the same concentration of magnesium by all four 
phosphatases, (e) the same ratio of rates of hydrolysis of a series of 
esters by each of the four phosphatases, (f) practically the same 
dissociation constant, for the four phosphatases, for the enzyme 
substrate compound, (g) synthesis of phosphoric esters by all four 
phosphatases. , 

Many of the above points have been verified incidentally in the 
course of work of other investigators. The data submitted in the 
present study, however, reveal, with respect to the retardation by 
the bile acids, a distinct difference between kidney, bone, and 
serum phosphatase, on the one hand, and intestinal phosphatase, 
on the other. 

The question of the identity of the tissue phosphatases or, in 
general, of similarly acting enzymes may be considered from 
several view-points. In a strict sense and according to definition, 
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two or more given enzyme preparations may be designated as 
identical only if it can be shown exhaustively that they act the 
same way quantitatively in every instance; that is, if they show 
the same pattern of rates of hydrolysis on a series of substrates, 
if their activities are influenced to the same extent by change in 
substrate concentration, retardants, preventors of inactivation, 
by the presence of accompanying substances, or by any other 
alteration in the reaction environment. 

The work here presented as well as that of previous investigators 
on other enzymes shows that it is very difficult to ascribe “iden- 
tity” in this strict sense to similar preparations. Perhaps the 
clearest illustration of this difficulty is the finding of Falk (35) that 
a protein added to a given preparation of pancreatic lipase produces 
a different pattern of rates of hydrolysis of a series of esters, 
Falk, in this connection, emphasizes the necessity for consid- 
ering the enzyme system as a whole. Falk and his collabo- 
rators (36) showed in earlier work that the pattern of rates of hy- 
drolysis of a series of esters varies with the age of the animal, 
the species source of the tissue, and the age of the lipase extract. 

From a second view-point, it may be assumed that in enzyme 
preparations showing identity of action in most respects, such 
differences as do exist are due to the presence of accompanying 
substances which vary with the particular extract. Used in this 
connection, the term “‘identity’”’ may be conceived of as applying 
to the possession of a common chemical unit. In our present lack 
of knowledge concerning the relation between chemical structure 
of enzymes and their activities, the available experimental ap- 
proach to a decision regarding the possession of a common chemical 
unit is to attempt the finding of an activity characteristic which 
persists in spite of apparent variation in accompanying substances 
as these appear in different tissues or in preparations of varying 
degrees of purity. 

The term “identity of enzymes” may be thought of in still 
another sense. Thus there exists the possibility that the chemical 
structure of an enzyme may undergo partial modification, so that 
its actions in certain respects remain the same but differ in others. 
Nelson and Papadakis (37) have shown that a highly purified yeast 
invertase preparation, free from melibiase, is changed by partial 
heat inactivation into a preparation which is different from the 
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original in its relative actions on the two substrates, raffinose and 
sucrose; the form of the time course of the reaction and the degree 
of retardation by a-methylglucoside are, however, the same for 
the two preparations. Enzyme preparations of different tissues 
may, therefore, differ chemically in some respect and yet act 
jdentically on the substrates which are involved in physiological 
processes going on in these tissues. 

In the present paper the question of the identity of the phospha- 
tases is considered from the first two points of view. Variations 
in the pattern of hydrolysis of several phosphoric esters by a given 
tissue phosphatase occurred with variation in the species source 
and were such as to make impossible the differentiation of one 
tissue phosphatase from another, even within a given species. The 
existence of such variations was not surprising, in view of the work 
of Falk and his collaborators on tissue lipases. In contrast, 
however, it proved possible to show that the activities of bone and 
kidney phosphatases were considerably retarded, and those of 
intestinal phosphatases unaffected by bile acids, independently 
of the age of the extract or of the animal, of the species source of 
the enzyme, the presence of another extract, whether enzymically 
active or not, and of the presence of serum. These results, then, 
are probably indicative of some chemical difference between the 
phosphatases of bone and kidney, on the one hand, and that 
of intestine, on the other. 

Whether such a difference is physiologically significant cannot 
be stated at present. If it is assumed, as seems likely, that the 
phosphatase in serum has an extracirculatory origin and that a 
given tissue phosphatase does not change its capacity for retarda- 
tion (or lack of retardation) by bile acids when it passes into the 
blood stream (and in vitro it has been shown that the retardant 
effect is not influenced by serum), then the determination of the 
degree of retardation of the activity of serum phosphatase pro- 
vides a possible criterion for judging its source. To illustrate, a 
decrease to about 50 per cent in the activity of the serum phos- 
phatase in the normal or in Paget’s disease (Table V) indicates 
either (a) that the phosphatase does not come from the intestinal 
mucosa, but from bone, kidney, or some other tissue the phospha- 
tase of which is retarded to that degree by taurocholic acid or (b) 
that the phosphatase in the serum comes from several tissues, that 
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some of these tissue phosphatases are retarded to more than 50 per 
cent, others less, but that the resultant decrease in their activity 
by sodium taurocholate is, fortuitously, the same as that of bone 
or kidney phosphatase. 

To define more precisely the source of serum phosphatase in the 
normal and in conditions which exhibit hyperphosphatasemia, it is 
necessary to extend the studies here reported to other tissues which 
may be conceived of as sources of phosphatase in the serum. It 
may also be possible to emphasize the difference between different 
phosphatases by using other concentrations of bile acids. More- 
over, there is indication, from the values presented in Table III, 
that further study with other substituted products of cholanie 
acid may prove of value in determining the extent to which the 
similarity of bone, kidney, serum, and other tissue phosphatases 
persists, or else serve in their differentiation. 


SUMMARY 


1. The pattern of the rates of hydrolysis of sodium §-glycero- 
phosphate, sodium hexosediphosphate, potassium benzylphos- 
phate, and sodium propylphosphate has not been found to be 
constant for a phosphatase from the same tissue of different species, 
or to be differentiable from the pattern for a different tissue of the 
same ind'vidual or species. 

2. The cinchona alkaloids, quinine, cinchonine, and quitenidine 
do not, in low concentrations, decrease the rate of hydrolysis of 
sodium §-glycerophosphate by tissue phosphatases. 0.00125 m 
mercuric chloride decreased, in several instances, the activities of 
tissue phosphatases, but these effects could not serve as a basis for 
differentiating them. 

3. Taurocholic, glycocholic, desoxycholic, and dehydrocholie 
acids decrease considerably the action of bone and kidney phospha- 
tases but do not affect that of intestinal phosphatases (with the 
exception of slight retardation of the action of a human intestinal 
preparation by dehydrocholic acid). This effect is dependent on 
the tissue, is independent of the age of the extract, the mode of 
preparation, and the animal species. The effect on a given tissue 
phosphatase is, as shown by studies with taurocholic acid, inde- 
pendent of the presence of other tissue extracts, whether enzymic- 
ally active or not, and of the presence of serum. This effect thus 
serves as a means of differentiation. 
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4. The question of the identity of similarly acting enzymes, in 


general, and of that of bone, kidney, intestinal, and serum phos- 
phatases, in particular, is discussed. 


5. The probable source of the phosphatase in normal serum and, 


as an illustration of a pathological condition, in that of Paget’s 
disease is considered. To define more precisely the source of 
serum phosphatase in various conditions, it is proposed that stu- 
dies, similar to those here reported, be extended to other tissues 
and for other substituents of the cholanic acid molecule. 
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For some time the nitrogen compounds of the mycelium of 
Aspergillus sydowi have been under investigation in this labora- 
tory. The most advantageous method found for bringing the 
amino acids into solution was to allow the ground mycelium to 
autolyze in the presence of thymol for 3 or 4 days. At the end of 
this relatively short period the amount of nitrogen in solution as 
well as the amino nitrogen was at a maximum. Further prolong- 
ing the autolysis period resulted in the production of increased 
amounts of ammonia. 

The most serious disadvantage of autolysis was the large pro- 
portion of the nitrogen that appeared as ammonia. When fresh 
mycelium was merely ground and allowed to autolyze at pH 7, as 
much as 30 per cent of the nitrogen was converted into ammonia. 
By drying the fresh mycelium at room temperature before carry- 
ing out the autolysis the production of ammonia could be reduced 
about 50 per cent; but even with this procedure considerable 
ammonia was produced. The source of such large amounts of 
ammonia was unknown, but there was some evidence that at least 
part of it arose from the decomposition of arginine. From autol- 
ysis solutions it was impossible to isolate arginine, though this 
amino acid could be readily isolated from frozen mycelium (which 
apparently had undergone partial autolysis) and from a water 
extract of perfectly fresh mycelium as well as from an acid hydrol- 
ysate of water-extracted mycelium. The speed of autolysis and 

* This work was supported in part by a grant from the Special Research 


Fund of the Graduate School. 
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the proportion of the total nitrogen which was brought into 
solution during autolysis were not affected appreciably by the 
preliminary drying procedure. Lysine and histidine were not 
destroyed during autolysis for it was possible to isolate these amino 
acids in considerable amounts from autolysates. 

Lysine has been reported in Aspergillus niger (1), Aspergillus 
oryzxe (2), and in Penicillium chrysogenum (3); arginine and histi- 
dine have been reported in the latter two organisms (2-4). His- 
tidine has been isolated from Rhizopus japonicus (5). However, 
the evidence for the presence of arginine in all cases was.a Van 
Slyke nitrogen distribution determined on the acid hydrolysates of 
protein preparations obtained from the organisms; no report has 
been found of the actual isolation of arginine from mold. Also, 
except in the case of Aspergillus niger (1), no report of the actual 
isolation of lysine from mold tissue has been discovered. The 
only sure proof of the presence of an amino acid in molds is the 
actual isolation and characterization of the amino acid. Because 
of the wide variety and unknown nature of the nitrogenous com- 
pounds in the mycelium, deductions from nitrogen distribution 
experiments or from color tests applied to extracts or hydrolysates, 
while valuable as indicators, do not conclusively prove that speci- 
fied amino acids are present. 

In view of the difficulty of isolating amino acids from such a 
complex mixture of nitrogenous compounds as exists in the 
autolysate of mold tissue, the quantities of lysine, arginine, and 
histidine isolated should be regarded as the minimum rather than 
as the actual amount present in the mycelium. 


EXPERIMENTAL 


The mold was grown in large sterilizer incubators on glucose- 
inorganic salts medium as previously described (6). After 9 days 
the pads were collected, washed with cold water, spread thinly in 
pans before electric fans to dry, and when dry, ground. 525 gm. 
of dry mycelium, containing 29.7 gm. of nitrogen, were suspended 
in 6 liters of water saturated with thymol, and the solution was 
adjusted to pH 7 with Na,CO,;. As autolysis proceeded, more 
NazCO,; was added in order to keep the pH at approximately 7. 
At the beginning there were 1.53 mg. of soluble nitrogen per cc., 
of which 0.7 mg. was amino nitrogen (Van Slyke). The soluble 
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and amino nitrogen rose rapidly in 3 to 4 days to constant values 
of 3.03 mg. and 1.7 mg. per ce. respectively. The ammonia nitro- 
gen amounted to 0.49 mg. per ce. 

The solution was filtered and the residue was washed with hot 
water. The dried residue weighed 295 gm. and hence represented 
56 per cent of the original material. The filtrate contained 18.7 
gm. of nitrogen or 63 per cent of the nitrogen of the mycelium. 
This solution was concentrated under reduced pressure to about 2 
liters, made distinctly alkaline with Na,CO;, and concentrated 
further in order to remove ammonia. It was then centrifuged and 
washed to remove inorganic material precipitated by the NagCQs, 
and the resulting filtrate was treated with NagCO,; and mercuric 
acetate (Neuberg’s reagent). After standing overnight the 
precipitate was filtered and washed. 

The precipitate, which contained the amino acids, was suspended 
in water and decomposed with HS. The HgS was filtered off and 
washed with hot water. The resulting filtrate contained 10.2 gm. 
of nitrogen of which 71 per cent was amino nitrogen (Van Slyke). 
The filtrate was concentrated under reduced pressure to about 2 
liters, treated with an excess of hot saturated barium hydroxide 
solution, and allowed to stand overnight in the cold. The precipi- 
tate, which was filtered off and washed with water, contained only 
a trace of nitrogen. The filtrate was concentrated under reduced 
pressure to about 500 cc., poured into 2 liters of alcohol, and 
allowed to stand for 5 days in the cold. The clear supernatant 
liquid was then decanted; the precipitate was dissolved in water 
and reprecipitated by pouring into alcohol. After several days 
the supernatant liquid was decanted and added to the supernatant 
liquid from the first precipitation. The precipitate was reserved 
for the investigation of the dicarboxylic amino acids of the 
mycelium. 

Isolation of Histidine—The combined filtrates were concentrated 
under reduced pressure to about 500 cc. in order to remove alcohol, 
and treated with an excess of H,SOQ, to remove barium. To the 
acid solution HgSQ, in dilute HeSO, was added as long as a precipi- 
tate formed, and the mixture was allowed to stand overnight. 
The cream-colored precipitate was then filtered off and washed 
with dilute H,SO,. The filtrate was reserved for the investigation 
of its histidine, arginine, and lysine contents. The precipitate + 
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was suspended in water, decomposed with H.S, and the Hg§S 
filtered off. The filtrate was adjusted to pH 7 with barium 
hydroxide, BaSO, was removed, and the resulting filtrate, which 
contained 1.65 gm. of nitrogen, was concentrated under reduced 
pressure to about 200 cc., and extracted with five 500 cc. portions 
of cold butyl alcohol. The residual aqueous solution then no 
longer gave color tests for tryptophane. This solution was 
concentrated under reduced pressure to 40 cc., treated with a 
slight excess of H,SO, to remove barium, mixed with a hot con- 
centrated solution of flavianic acid, and then allowed to stand for 
several weeks. The yellow crystals which had formed were 
filtered off and washed with a dilute solution of flavianic acid. 
They melted at 254° with decomposition on rapid heating; histi- 
dine diflavianate melts at 254° with decomposition on rapid 
heating (7). 


CoeH210i3N 782-4H,0. Calculated, 8 8.08; found, 8 8.12 


4.14 gm. of histidine diflavianate, corresponding to 810 mg. of 
histidine, were obtained. Hence at least 0.74 per cent of the 
nitrogen of the mycelium was histidine nitrogen. 

The diflavianate was dissolved in dilute HCl, flavianic acid was 
extracted with butyl alcohol, and the aqueous solution was placed 
in a desiccator over concentrated H,SO,. After some time crystals 
formed; these were filtered off, washed with acid alcohol, and 
recrystallized from HCl solution by adding alcohol and ether. 
The crystals melted at 245°, and when mixed with known histidine 
dihydrochloride, the melting point was 246°. Known histidine 
dihydrochloride melted at 246°. Abderhalden and Einbeck (8) 
have reported 245°. These melting points were the temperatures 
at which the last crystal disappeared when the determinations were 
carried out in an efficiently stirred bath in which the temperature 
was raised at the rate of 6° per minute. Trials with known histi- 
dine dihydrochloride showed that softening occurred considerably 
below the melting point. Furthermore, the melting point was 
found to vary with the rate of heating; when the temperature was 
raised 1° per minute, known histidine dihydrochloride melted at 
240°. The crystals gave a strong reaction for histidine when 
tested by the bromination-ammonia treatment method of Kapel- 
* Jer-Adler (9). 
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C.H,O.N;-2HCl. Calculated. NH:-N 6.14, Cl 31.11 
Found. “ §6§©6.17, * 308 


The mercury was removed from the HgSO, filtrate with H,S, 
and most of the H,SO, with barium hydroxide. The resulting 
filtrate was concentrated under reduced pressure to about 500 cc., 
and on it a silver salt separation of arginine and histidine was 
performed according to Vickery and Leavenworth (10). The 
histidine fraction gave no Kapeller-Adler test for histidine, and, 
furthermore, gave no ninhydrin reaction; however, it contained 
153 mg. of nitrogen. The arginine fraction contained 102 mg. of 
nitrogen, but no arginine flavianate could be obtained from it and 
the solution gave no blue color in the ninhydrin test. The arginine 
had not been carried down in the HgSO, precipitate, because in 
previous experiments in which this precipitation was omitted no 
arginine could be found. 

Isolation of Lysine—The filtrate from the silver salt separation 
was freed of barium and silver, acidified with H,SO,, concentrated 
under reduced pressure to about 600 cc., treated with phospho- 
tungstic acid until no precipitate formed, and allowed to stand for 
2 days in the cold. The precipitate was then filtered off and 
decomposed in the usual manner with barium hydroxide. The 
resulting barium- and sulfate-free filtrate, which contained 1.26 
gm. of nitrogen, was concentrated under reduced pressure to 
about 20 ce. and treated with a hot alcoholic solution of 9 gm. of 
picric acid. After standing overnight the yellow crystals were 
filtered off and washed with alcohol; 10.56 gm. were obtained. 
This corresponded to 4.12 gm. of lysine, and hence at least 2.7 
per cent of the nitrogen of the mycelium was lysine nitrogen. 
After crystallization from dilute alcohol the picrate melted at 
250-251° with decomposition. Known lysine picrate melted at 
the same temperature. For analysis a weighed amount (about 
10 mg.) of the picrate was dissolved in dilute H,SO, and the picric 
acid was extracted with ether; nitrogen was then determined by 
the Kjeldahl method on the aqueous solution. The reliability 
of this method was first determined by trials on known lysine 
picrate. 


Ci2H;;O,Ns. Calculated, lysine N 7.47; found, lysine N 7.49 


2 gm. of the picrate were suspended in dilute HCI and the picric 
acid was extracted with ether. The aqueous solution was concen- 
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trated and alcoholic H,PtCle was added. The chloroplatinate 
that separated was recrystallized from dilute alcohol and was 
found to melt at 220-221° with decomposition. Lysine chloro- 
platinate melts at 219-220° with decomposition (11). 


CsH,,O2.N2-H2PtCl,-C2:H;OH. Calculated, Pt 32.39; found, Pt 32.38 


Isolation of Arginine—Arginine was first isolated from some 
mycelium which had been harvested and stored at —11° for 
several weeks. This material was ground, suspended in water, 
boiled, and filtered. The filtrate was precipitated with Neuberg’s 
reagent, the precipitate was decomposed with HS, and the re- 
sulting filtrate was treated with phosphotungstic acid. From the 
decomposed phosphotungstic acid precipitate, arginine was 
isolated as the flavianate, and finally, as the picrolonate. How- 
ever, repeated attempts to isolate arginine from autolysates by the 
same procedure failed. In order to get a better idea of the amount 
of arginine in the mycelium the following procedure was employed. 

The mycelium was lifted from the medium, quickly washed with 
water, immediately ground, weighed, and dropped into boiling 
water. The quantity of mycelium used contained 289 gm. of dry 
matter, and 15.6 gm. of nitrogen. The water-extracted residue 
was filtered off and washed with hot water. The extract con- 
tained 3.40 gm. of nitrogen of which 1.03 gm. were amino nitrogen. 

The water extract was concentrated under reduced pressure to 
about 500 cc., made strongly alkaline with barium hydroxide, 
treated with half its volume of alcohol, and allowed to stand in the 
cold for 18 hours. The precipitate was then centrifuged off, 
washed with alcohol, and discarded. Alcohol was removed by 
concentration under reduced pressure to about 600 cc. and most 
of the barium with H,SO,. Excess AgNO; was added, and the 
solution was saturated with barium hydroxide. The precipitate 
was centrifuged, washed, suspended in dilute H:SO,, decomposed 
with H,S, and filtered. After part of the H.SO, had been re- 
moved as BaSO, from the filtrate, it was concentrated under 
reduced pressure to about 300 cc., and phosphotungstic acid was 
added until no more precipitate formed. After some time the 
precipitate was filtered off and decomposed with barium hydrox- 
ide. The resulting barium-free filtrate contained 78 mg. of nitro- 
gen. The probable presence of a small amount of histidine in this 
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solution was indicated by the blue color obtained with the Kapel- 
ler-Adler test for histidine (9), but in subsequent operations only 
arginine was isolated. In order to isolate arginine, the solution, 
which was free of barium and of sulfate, was concentrated under 
reduced pressure to about 25 cc. and heated with a solution of 
flavianic acid. After a week the orange crystals were filtered off, 
washed, and recrystallized from water; 89 mg. were obtained. 
The crystals melted at 258-260° with decomposition; arginine 
flavianate melts at 258—260° with decomposition (12). 


CysHaoOioNeS. Calculated, 8 6.56; found, 8 6.49 


The water-extracted mycelium was suspended in 700 cc. of 5 N 
H.SO, and heated in an autoclave at 20 pounds pressure for 8 
hours. The hydrolysis mixture was diluted with water, partly 
freed of H,SO, with barium hydroxide, centrifuged, and washed. 
The solution contained 7.45 gm. of nitrogen. Most of the H,SO, 
was removed and the resulting filtrate was concentrated under 
reduced pressure to about 350 cc. and treated with phosphotung- 
stic acid until no more precipitate formed. After the mixture had 
stood for some time in the cold, the precipitate was filtered off 
and decomposed with barium hydroxide. The resulting filtrate 
was freed of barium, concentrated under reduced pressure to about 
300 cc., heated to boiling, and treated with a hot solution of 10 gm. 
of flavianic acid. After 2 weeks the orange crystals were filtered 
off and washed with water; 4.46 gm. were obtained. The crystals 
melted at 255-260° with decomposition. When analyzed by 
the method of Langley and Albrecht (13), they were found to 
contain 64.5 per cent flavianie acid. Arginine flavianate contains 
64.3 per cent flavianic acid. 


CysHepOieNS. Calculated, 8 6.56; found, S 6.64 


The crystals were treated with an excess of warm barium hydrox- 
ide solution, and the barium flavianate was filtered off on a layer 
of norit. Excess barium was removed from the filtrate with COs, 
and the solution was concentrated under reduced pressure to 
about 5 ee. An alcoholic solution of picrolonic acid was added; 
the solution was boiled and allowed to cool. Lemon-yellow 
needles were obtained which, after recrystallization from water, 
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melted at 238° with decomposition. Arginine picrolonate melts 
at 237.5° with decomposition (14). 

The total amount of arginine flavianate obtained from the 
water extract and the residual mycelium was 4.55 gm., which was 
equivalent to 1.63 gm. of arginine. Hence at least 1.8 per cent 
of the nitrogen of the mycelium was arginine nitrogen. 


SUMMARY 


Arginine, histidine, and lysine have been isolated from Asper- 
gillus sydowi and identified by examination and analysis of suitable 
derivatives. Histidine and lysine were isolated from an autolysate 
of the mycelium, but arginine could not be obtained from such a 
solution, as it was destroyed during autolysis. Arginine was 
isolated from both the water extract of the mycelium and the acid 
hydrolysate of the water-insoluble residue.. Most of the arginine 
was present in the combined form. 
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In order to learn more about the fate of vitamin D within the 
body tissues, and thus possibly to throw some light on its still 
obscure mode of action, studies were undertaken and have been 
reported (1) showing that when viosterol in oil was given by mouth 
to rabbits in a single dose of 20 cc.' detectable amounts of vitamin 
D were found to be circulating in the blood for from 2 to 3 months. 

The object of the continuation experiments, the results of which 
are here reported, was to detect the duration of storage of vitamin 
D in different tissues under the same conditions that prevailed in 
the previous investigations. 


EXPERIMENTAL 


To twelve male rabbits, weighing from 3.5 to 5 kilos, 20 ce. of 
viosterol in oil were administered by stomach tube. The rabbits 
were killed at the end of 1, 3, 5, 6, 7, 8, 9, and 12 weeks by cutting 
the femoral vessels after the animals had been anesthetized with a 
small amount of ether. The animals were immediately placed in 
the refrigerator, and the tissues were removed not later than 10 
hours after death. 

The presence of vitamin D was determined in extracts of oxa- 
lated plasma, unwashed erythrocytes, brain, small and large 
intestines (free of chyme and feces), lungs, skin from abdominal 
region only (without hair and subcutaneous fat), kidney, and liver. 


1 The 20 cc. dose represents 200,000 v.s.P. units (United States Pharma- 
copaia X, revised (1934)) or international units (corresponding to approxi- 
mately 1.6 mg. of irradiated ergosterol). 
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Method 


The tissues were weighed fresh, ground through a food chopper 
or cut into small pieces with scissors, and treated for about 2 hours 
on the steam bath with 20 per cent potassium hydroxide in alcohol. 
In order to prevent coagulation while the solutions were cooling, 
ether was added carefully, with constant stirring, to the still hot 
but liquid material. 5-Fold ether extraction was then performed 
in Mojonnier flasks, with 300 to 600 cc. of ether. The ether 
extracts were washed with water, in separatory funnels, until the 
water remained colorless, and were slowly evaporated on the water 
bath. The residue from ether evaporation was then dissolved in 
Wesson oil in an amount equal to one-sixth of the original weight 
of the tissues. The concentration of the oil suspensions was thus 
kept comparable and constant for each single tissue.” 

By pipette 0.1 cc. of the tissue extracts was fed daily for 10 days 
to rats which had been kept for 3 weeks on a rickets-producing diet 
(Steenbock Ration 2965). Roentgenograms of the lower extremi- 
ties were made on the day the administration of the extracts was 
begun and on the 8th and 10th days following. After the last 
roentgenograms had been taken, the blood obtained from the rats 
receiving the same tissue extract was pooled, and serum phos- 
phorus and calcium determinations were made by the titrimetric 
method of Samson (2). 


Results 


The results of these tests are recorded in Table I. The storage 
time of vitamin D in the tissues is shown in the last column. It 
must be realized that an excessive amount of vitamin D in the 
form of viosterol had been given. In all the tissues examined, the 
vitamin D was deposited and found present for at least 1 week. 


? The method was tested by adding known amounts of viosterol in oil 
to tissues (liver and muscle) from animals not used in the experiments. 
It was found possible in this way to recover vitamin D almost unit per unit. 
The efficacy of the method is evident also when the results given in 
this paper are compared with those previously reported (1). In the earlier 
experiments, blood serum from which vitamin D had not been extracted 
was injected in rachitic rats, with results that agree with those now obtained 
by the extraction method. 
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The order in which the vitamin D depots were depleted in vivo was 
as follows: brain, erythrocytes, small intestines, large intestines, 
skin, lungs, kidney, liver, blood plasma. 

It is rather surprising to find that this fat-soluble vitamin dis- 
appeared first in the brain, which, on account of its chemical com- 
position, would presumably be the most likely place of retention. 
This observation shows that other conditions than the purely 
chemical properties of the tissues are decisive in influencing the 
retention of vitamin D. This fact is also evident from the results 
obtained in all the other tissues; the length of time that vitamin 
D was stored by no means paralleled the fat or lipid content of the 
tissues. 

The erythrocytes were apparently depleted completely of vita- 
min D after 6 weeks, whereas vitamin D was present in the blood 
plasma for as much as and possibly more than 3 months. In this 
connection it may be of interest to note that Hess (3) found that in 
the blood of cows fed irradiated yeast the plasma contained 4 
times as much vitamin D per gm. as did the erythrocytes. 

The time required for depletion of vitamin D in the skin, lungs, 
kidneys, and small and large intestines did not show much varia- 
tion. It can only be stated that vitamin D was stored in all these 
tissues to about the same extent; that is, for about 5 to 8 weeks. 

It seems as if the liver can hold vitamin D more tenaciously 
than can the other organs. The results obtained, however, are 
not sufficiently uniform and the difference in storage time in the 
liver, on the one hand, and in the skin, lungs, kidneys, and small 
and large intestines, on the other, is not sufficiently great to justify 
a more positive statement at this time. To have found that only 
the liver retained vitamin D for from 6 to 8 to 12 weeks is certainly 
suggestive of the hypothesis advanced by Gerstenberger (4) that 
the liver probably plays a decisive rdle in the functioning of vita- 
min D. 

Coppens and Metz (5) reported that lungs and blood, when in- 
cubated in vitro, decomposed vitamin D. Their results do not 
agree with the findings presented here, obtained from experiments 
in vivo, nor is their assumption of the presence of an enzyme in 
lungs and blood which might lead to inactivation of vitamin D 
substantiated. On the contrary, it has now been established that 
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blood plasma, in vivo, contains vitamin D in active form longer 
than does any other tissue. 

Considering the rather impressive length of time that vitamin 
D is stored in the body tissues, it can be assumed that if there is 
consumption of vitamin D within the tissues at all, it must be very 
slight. Investigations now in progress indicate that excretion is 
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i++ 


Blood plasma 00 | 53104444 +44 444 5912 8444 444 44 69 


No. of rab- 
bits used 1 1 1 


perhaps the only, certainly the chief means of depleting the body 
of vitamin D. That blood plasma contained vitamin D longer 
than did any other tissue is consistent with this conception. It 
might also be mentioned here that the protracted storage time of 
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vitamin D explains Harnapp’s (6) recently reported cure of rickets 
in human beings with a large, single dose of vitamin De. 


SUMMARY 


To twelve male rabbits was administered by stomach tube a 
single dose of 20 ec. of viosterol in oil (200,000 v.s.P. units of 


Had Received 1 to 12 Weeks before Death 20 Cc. of Viosterol in Oil by Stomach 
Extracts Had Been Started 

















Spee aA Ny —. —| Vita- 
7 wks. 8 wks. 9 wks, | 12 wks. - i, 
—_ ee ae oe) in 
tissues 
| 
p jee) golioy | cal fllay | loco) sling |e ja] soley, | |e 
__— I—|—|- | — || ———|— | — —| 
mg.) mg mg. mg j mg. mg.| | mg.| mg.! mg. mg. 
per | per | per | per | per | per | | per| per | per| per| wks 
cent cent cent cent| \centleent| icent\cent, cent\cent| 
0 | 900 | | 000 | | | 900 | 1-2 
000 |41136) ++ 69/124) 00 | | 00 2.8/12.6) , 
| 00 | 5.1124 00 | 5.1112 
49/114) 000 (451130) ++ 60/132) 00 | 000 (39116, . 
34/95, 000 (47114 000 |51110 
| 900 | |4+ ++/4.6 12.8) 00 000 546 o. 
3.8121 000 |5513.8 000 |58120 
47132 00 |56124 094 000 261228 0° 
++ ++) | 00 00 6S 
000 | 5513.8 
00 | 00+ +0 5 5)12.8 0 69 
5.0123) 000 |46116 ++ 64 00 (3.7114 00 aa 
+00 +0 
70125 000 |50110 000 27790 OO (3714 +4 49 92 
3.8121 +40/55110/++4+054113.6 000 |68122) 00 3.4/11. 2 6-8-12 
00 5.212.8 
§.1/12.3\+ ++ +) 67 ++43.7/103) 00 + + 4111.6 8-12 
3.4/9.5) + +4 + + 45.7 14.4)4+ ++ +! 6.0/13.8 0 4.2106 and 
+ ++ ++ 6.713.6 more 
2 2 2 2 


vitamin D, corresponding to approximately 1.6 mg. of irradiated 
ergosterol). 

In order to detect the length of time that vitamin D is stored 
in the tissues, the animals were killed at the end of 1, 3, 5, 6, 7, 8, 
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9, and 12 weeks, and the tissues were removed. Extracts of the 
tissues were fed to rachitic rats. Under these conditions it was 
found that vitamin D was stored in the brain for 1 to 2 weeks, in 
erythrocytes for 5 to 6 weeks, in the small intestines for 5 to 8 
weeks, in the large intestines for 6 to 8 weeks, in the skin for 6 to 8 
weeks, in the lungs for 6 to 9 weeks, in the kidneys for 6 to 9 weeks, 
in the liver for 6 to 8 to 12 weeks, and in blood plasma for 8 to 12 
weeks and more. It is assumed that consumption of vitamin D 
within the tissues, if it exists at all, must be very slight. It seems 
more likely that excretion is the chief means by which the body is 
depleted of its vitamin D depots. 
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The procedure of Schoenheimer and Sperry (1) yields much 
less variable and lower average values for the percentage of free 
in total cholesterol in the blood serum of healthy persons (2) 
than have been reported by other investigators using other 
methods. The differences are too great to be accounted for by 
chance variation; either the other procedures or the one used in 
this laboratory must give erroneous results. 

In testing the accuracy of their method Schoenheimer and 
Sperry compared it with the Windaus macrogravimetrie pro- 
cedure. The concentration of total cholesterol was determined 
in several samples of serum by one of the authors (R. 8.) with 
the macromethod and independently by the present author with 
the new micromethod. Excellent agreement was obtained. As 
the microprocedure for determination of free cholesterol is the 
same as that employed for total cholesterol, except that it does 
not include the extra steps of hydrolysis and acidification, no 
such comparative estimations of free cholesterol were thought 
necessary. There is some indication, however, that the differ- 
ence between the results obtained with the new method and 
those with other procedures is associated more with errors in 
the determination of free than of total cholesterol (2) and it be- 
comes necessary, therefore, to compare the micromethod for 
free cholesterol with the macrogravimetric procedure. This has 
been done in the present investigation. The concentration of 
free and also of total cholesterol was determined by the method 


* This investigation was made possible by the support of the Josiah 
Macy, Jr., Foundation. 
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of Schoenheimer and Sperry and by one or more modifications of 
the macrogravimetric procedure in a number of samples of blood 
serum. 


EXPERIMENTAL 


The microprocedure was applied in its original form except for 
three minor changes which have been in use in this laboratory 
for some time. 

1. In preparing the digitonin solution centrifuging is omitted. 
The precipitate which forms on standing in the ice box is removed 
by filtration alone. 

2. In making the extracts the serum is run into cold alcohol- 
acetone without shaking while the pipette is draining. The 
contents of the flask are mixed with a swirling motion as soon as 
the pipette is withdrawn and then brought to a boil. A very 
finely divided precipitate of protein is obtained and it is not 
necessary to insert the stopper and shake vigorously to break up 
clumps of protein which frequently formed with the original 
procedure. Also there is no coagulation of protein on the tip of 
the pipette as was always the case when the flask was shaken 
during the addition of serum. 

3. Instead of adding 1 ce. of alcohol-ether with a pipette after 
incubation of the total cholesterol samples, the 15 cc. centrifuge 
tubes are now calibrated at 2 cc. and the solvent is added to the 
mark with a dropper. This technique is not only slightly faster 
but it compensates for any loss of solvent during incubation. 

Extraction of Serum for Macrogravimetric Analysis—Two pro- 
cedures were used. Procedure E; was based on the method of 
Fex (3) for extraction of tissues. A sample of serum, varying 
from 30 to 50 cc., was pipetted into an Erlenmeyer flask and 

from 1.5 to 2 volumes of 3 per cent NaOH solution were added. 
After standing at room temperature overnight the solution was 
heated on the steam bath for 1 to 4 hours. (In some instances 
heating was omitted. No effect on the result was noted; duplicate 
determinations with and without heating agreed closely.) After 
cooling it was washed into a separatory funnel with water, a little 
alcohol, and ether in the order given. (In this and all other 
transfers from one vessel to another the greatest care was taken to 
avoid mechanical loss. At least five portions of solvent were 
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used in washing and the outside of the flask or separatory funnel 
neck, or beaker lip, was rinsed off after each washing was poured 
out.) Enough ether was added to equal about one-half the vol- 
ume of aqueous solution and the contents were rotated gently 
without vigorous shaking. The lower layer was drawn off into 
another separatory funnel and the extraction was repeated in 
the same manner three times more. Despite the avoidance of 
excessive agitation during the extraction, a small amount of 
emulsion always formed. In the analysis of the first four sam- 
ples various expedients, such as drawing the emulsion off, 
taking it to dryness in a beaker, and reextracting, were tried. In 
the remaining determinations the following procedure was used: 
The emulsion was left with the first ether extract, only the 
clear lower layer being drawn off. Very little emulsion then 
formed at the second extraction and none at the third and fourth. 
The combined first and second extracts with the emulsion were 
filtered into the combined third and fourth extracts. The emul- 
sion broke in passing through the filter, which was washed thor- 
oughly, and no further difficulty was experienced. 

The combined ether extracts were washed with water until 
neutral (four washings usually sufficed) and then taken to dryness 
in a 50 ce. volumetric flask with gentle heating and a slow current 
of air (a glass tube connected to a suction pump was inserted 
in the neck). 

In the second extraction procedure (E,), which was based on 
that of Bloor (4), a sample of serum was run slowly into about 
20 volumes of cold alcohol-ether (3:1), which was swirled during 
the addition. The mixture was brought to a boil on the steam 
bath with constant agitation and then filtered through a cloth 
bag suspended in a small percolator. The precipitate was allowed 
to drain, usually overnight, and then kneaded thoroughly to 
prevent caking during the subsequent continuous extraction with 
hot alcohol (5), to which it was subjected for a period of about 8 
hours. After the alcohol extraction the bag and its contents 
were washed through several times with ether. The combined 
filtrate and extracts were taken to dryness on the steam bath 
with the aid of an air current from a suction line. The dark 
colored residue was extracted thoroughly with many small por- 
tions of ether, which were filtered into a 50 cc. volumetric flask. 
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A considerable amount of dark colored material remained undis- 
solved. The ether was removed as in Procedure E). 

From this point on extracts obtained by Procedures E, and E, 
were handled in the same way. About 35 cc. of absolute alcohol 
were added and the flasks were heated just to boiling on the steam 
bath for about an hour. It was necessary to heat Procedure RE, 
extracts so long to dissolve the colorless or slightly yellow, oily 
residue (probably cholesterol esters). In the case of Procedure 
E, extracts no such oil could be seen because of the presence of a 
large amount of dark colored material which did not dissolve, 
but heating was continued as with Procedure E, extracts to insure 
complete solution of cholesterol esters. After cooling, adjustment 
to the mark, and mixing the extracts were filtered and aliquots 
were pipetted at once for analvsis. 

Determination of Free Cholesterol—An aliquot of 15 or 25 ce. 
of the absolute alcohol extract in a 100 cc. beaker was brought 
to a boil on the steam bath and an amount of digitonin solution 
(1 per cent in 80 per cent alcohol) was added, sufficient to give 
an excess of at least 50 per cent over the required amount as 
calculated from the microanalysis. From this point on two differ- 
ent procedures were employed. 

In the first (Procedure F;) sufficient water was added to make 
the final concentration 20 per cent; the solution was stirred thor- 
oughly and kept just at the boiling point for about a minute. 
The beaker was then placed under a bell jar and allowed to stand 
overnight. The mixture was filtered through a Jena glass filter 
crucible (No. 1-G-3) which had been washed with 80 per cent 
aleohol followed by ether, dried for an hour at about 100°, placed 

overnight in a desiccator over calcium chloride, and weighed. 
Filtration was allowed to proceed by adjusting the suction at a 
rate no faster than would permit counting the drops. The pre- 
cipitate was transferred quantitatively to the crucible with five 
or more small portions of 80 per cent alcohol and washed several 
times with the same solvent followed by ether. It was not per- 
mitted to dry down on the filter until the final ether washing. 
The crucible was dried as described above. It was weighed as 
rapidly as possible, with a damped balance, as cholesterol digi- 
tonide is hygroscopic. 

The second procedure (F2) was based on that described by 
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Gardner and Gainsborough (6). No water was added as in the 
method of the English workers, since the amount in the digitonin 
solution was sufficient to throw out a precipitate on cooling. 
After standing overnight the solvent was removed on the steam 
bath with the aid of an air current. The residue was washed 
thoroughly with many portions of ether which were filtered through 
a glass filter crucible. Combined cholesterol was determined in 
the filtrate (see below). A new receiver was installed and the 
precipitate was washed quantitatively into the crucible with 
many small portions of boiling water. Washing was continued 
until the filtrate showed no tendency to foam. The crucible 
was dried and weighed as in Procedure F;. 

Determination of Total Cholesterol—Three different procedures 
were employed. In the first (Procedure T,) an aliquot of the 
absolute alcohol solution (usually 10 ec.) in a 125 ee. Erlenmeyer 
flask was treated with 10 cc. (5 cc. in the first two determinations) 
of 10 per cent alcoholic KOH, refluxed (cold finger) on the steam 
bath for about 2 hours, and transferred to a separatory funnel, 
the flask being washed with several small portions of alcohol, 
followed by ether. Water (40 ce. except in Procedure Ti, where 
80 ce. were used—see below) was added and the aqueous layer 
was extracted four times with ether. The combined extracts 
were washed with water until neutral and taken to dryness in a 
100 ce. beaker. The residue was dissolved in 10 cc. of absolute 
alcohol, precipitated, filtered, and weighed as in Procedure F;. 

In the second procedure (T;:) the total cholesterol was measured 
as the sum of the free cholesterol, determined by Procedure Fs, 
and combined cholesterol which was determined in the ether 
filtrate from the free cholesterol precipitation by a procedure 
analogous to Procedure T; except for a longer period of refluxing 
with alkali (about 8 hours). 

The third procedure (T;) was based on that employed in the 
micromethod of Schoenheimer and Sperry. An aliquot (usually 
10 ee.) of the absolute alcohol extract was diluted with an equal 
volume of acetone and 1 drop of KOH solution (10 gm. of KOH to 
20 ec. of water) per cc. was added. The alkali was dissolved by 
shaking and gentle heating and the flask (50 cc.) containing the 
solution was immersed in sand in a preserving jar and incubated 
as in the micromethod. In one instance (Sample 6) the alkaline 
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solution was extracted and carried through according to Procedure 
T;. In another (Sample 7) the solution was made acid with 
5 per cent HCl and precipitated directly with an aqueous solution 
of digitonin (6 mg. per cc.), as in the micromethod. The precipi- 
tate was gelatinous and difficult to handle, so in the remaining 
experiments sufficient water was added to make the concentra- 
tion 20 per cent and the cholesterol was precipitated with the 
digitonin solution (1 per cent in 80 per cent alcohol) used through- 
out this work. 


DISCUSSION 


Comparison of Macroprocedures—Analyses were carried out on 
three samples of pooled human serum and plasma and eleven 
samples of dog serum. In most instances several determinations 
were made on the same sample with various combinations of the 
procedures described. In all, thirty-seven analyses of free cho- 
lesterol and 61 of total cholesterol were carried out. In one sample 
of serum (Sample 10) large errors of unknown origin occurred 
in the determination of free cholesterol. These analyses (three 
were carried out) are omitted from Tables I and II. 

In addition, unsuccessful attempts were made to determine 
free cholesterol in aliquots from four samples by a combination 
of Procedures E, and F,. It proved impossible to carry through 
an analysis with this technique because the ether washing of 
the dried digitonin precipitate always came through cloudy. 
This was true, even though an exceedingly slow filtration rate 
was employed; the filtrate could not be clarified completely by 
refiltration. 

There was a large variation in the cholesterol content of the 
samples of serum, in a few instances a considerable difference 
between the aliquots taken for analysis, and consequently a large 
variation in the quantities of cholesterol digitonide weighed. In 
many cases the amounts were quite small (minimum 18.4 mg.). 
It would be misleading, therefore, to state the variations between 
the findings with different procedures in the customary manner 
as percentage deviation, since it is probable that the inherent 
error of the macroprocedure is an absolute quantity and is inde- 
pendent, within wide limits, of the amount of cholesterol deter- 
mined. Hence the deviations are presented as the differences 
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between the actual weights of digitonide. Where two determi- 
nations were carried out by the same combination of procedures 
on the same sample, the duplicate values were averaged and the 
difference between averages was taken. (Such duplicate deter- 
minations showed satisfactory agreement for both free and total 
cholesterol.) The difference was arbitrarily called + when a 
larger value was obtained by Procedures F,, T, or E,; than by the 
corresponding 2 or 3 procedure. In the cases in which unequal 
aliquots were compared the difference was estimated by the 


TaBie | 
Comparison of Different Macroprocedures 
































Maxi- Value of ¢ 
No. of nam Average necessary 
Procedures compared com- | differ- | ‘iffer- e to esta! 

parisons | “once ence signifi- 
cancef 

mg. mg. 
F,; and F, (on same extract)..... 6 —2.6 | —1.35) 3.035 | 4.032 
ne, ae fs * pngrerde 6 +4.1 | +0.70) 0.787 | 4.032 
a, * 2. es _ —3.9 | —0.42) 1.012 | 2.898 
E, ‘* Ez, (free cholesterol, F;). 7 | —4.7 | +0.83) 0.596 | 3.707 

“ “« —“ (total cholesterol, T, 

or T;)...... Lt vieck CNY NE | 13 | —3.7 | —0.95| 1.780 | 3.055 





* Calculated according to Fisher ((7), p. 118). 

t A probability of 0.01 (1 chance in 100 that random sampling is respon- 
sible for the difference) was selected as the criterion of significance. The 
values of tin the last column (from Fisher, (7) p. 158) are those necessary 
to establish this probability for the different numbers of comparisons. 

t Procedures T; and T; were compared in only one instance. The 
difference was 2.9 mg. 


calculation 4(na — mb) (1/n + 1/m) in which m and n are the 
volumes taken in the 1 and 2 (or 3) procedures respectively, and 
a and b are the weights of digitonide obtained respectively from 
volumes m and n. 

The findings are summarized in Table I. They show that 
in no case did the two procedures compared differ significantly 
from each other. Some of the individual differences were quite 
large (maximum 4.7 mg.) but in the majority of comparisons the 
values agreed closely. In only seven of 51 was the difference 
greater than 3 mg. while in nineteen it was 1.0 mg. or less. The 
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difference which came closest to being significant was obtained 
in the comparison of Procedures F,; and F:. In five of six in. 
stances the value obtained with Procedure F, was higher than 
that by Procedure F;. The differences were quite small, however 
(all but one less than 2 mg.). 

The greatest variation occurred in the comparison of extrac- 
tion Procedures E, and E, with the same free cholesterol pro- 
cedure (F;). In four of seven cases the difference was more than 
3 mg. No explanation for this result is evident. It must repre- 
sent errors in the determination of free cholesterol rather than in 
the extraction procedures, since total cholesterol determinations 
on the two extracts agreed quite well in most instances. (In 
only one of thirteen comparisons was the difference more than 
3 mg.) It should be reemphasized at this point that the greatest 
care was taken throughout to avoid mechanical loss. Duplicate 
determinations carried out with the same combination of pro- 
cedures (Ei F;, EF), ExT, E2T;, EyTs, and E2T;) agreed closely, 
In eight instances the average, minimum, and maximum differ- 
ences were 1.03, 0, and 1.7 mg. respectively for free cholesterol, 
and in thirteen instances 0.92, 0.4, and 2.3 mg. for total cholesterol 
(including four duplicate determinations on heated and unheated 
extracts by Procedure F,, giving an average difference of 1.0 mg.). 

Schoenheimer and Dam (8) found that in precipitating choles- 
terol from 96 per cent alcohol the amount of precipitate varies 
considerably with the excess amount of digitonin added. This 
observation has been quoted extensively and correction factors 
have been proposed (9). In Dr. Schoenheimer’s experience (per- 
sonal communication') within wide limits the amount of digitonin 
used does not affect the result provided there is an adequate 
excess and provided the precipitation is carried out in solutions 
containing sufficient water (20 per cent, as in the present investi- 
gation, or more). Differences in the amount of digitonin used 
cannot account for the errors under discussion, since in several 
instances where such errors occurred the same amount of digitonin 
was used to precipitate equal aliquots. 


1 Procedures Ej, F;, and T; are essentially those which Dr. Schoenheimer 
has used for some time in the determination of cholesterol. The author is 
indebted to Dr. Schoenheimer for acquainting him with the details of these 
procedures. 
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The smallest average difference was obtained in the comparison 
of Procedures T; and T;. In nine of seventeen cases the difference 
was less than 1 mg. and only once was it greater than 3 mg. 
This result is of particular interest, since it shows conclusively 
that the mild saponification procedure employed in the micro- 
method and also used in Procedure T; is adequate. Indeed in 
most instances up to Sample 12 Procedure T; gave higher results 
than T;. The differences were quite small except in Sample 11, 
where they reached 3.9 mg. It seemed that small losses were 
occurring in Procedure T;. Hence in all four of the analyses 
made by Procedure T, in Sample 12 and in two in Sample 13 the 
amount of water added in the extraction of cholesterol after 
saponification was doubled (Procedure T;,). Instead of a crystal- 
clear separation as with Procedure T; the lower layer remained 
slightly opalescent and the values were considerably lower than 
those obtained with Procedure T; (maximum difference 17.4 mg.). 
Evidently the use of too much water does not improve and may 
definitely interfere with the extraction even though no apparent 
emulsion forms. Results obtained with Procedure T,,. are not 
included in any of the tabulations. 

A more probable cause of the lower results with Procedure T; 
was recognized. In many instances, especially in Sample 11, 
the combined ether extracts occupied a large part of the space 
in the separatory funnel. The volume of wash water was neces- 
sarily small and the concentration of alcohol in the first washing 
must have been large—probably large enough to dissolve appre- 
ciable amounts of cholesterol. In Samples 12 to 14 the ether 
extract was divided into two portions, each of which was washed 
separately with a large volume of water. In Sample 12 the use 
of Procedure T,, obscured any effect of this technique but in Sam- 
ples 13 and 14 values by Procedure T; showed no tendency to 
be lower than those by Procedure T; and agreed very well with 
those obtained with the microprocedure. 

Comparison of Micro- with Macroprocedures—The weights of 
digitonide corresponding to the macro aliquots were calculated 
from the microdeterminations and the differences between them 
and the actual weights were subjected to statistical analysis. 
Since no significant differences among the macroprocedures 
could be established, they were not treated separately; all of the 
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individual differences between micro and macro values were 
averaged together for free and for total cholesterol (except the 
free cholesterol values from Sample 10 (see above) and total 
cholesterol values obtained with Procedure T;,). When the micro 
value was higher than the macro value the difference was 
called +. 

In thirty-four comparisons the average difference for free cho- 
lesterol was —0.21 mg. with a probable error? of 0.33 mg. Evi- 
dently the micro- and macroprocedures did not differ significantly. 
The variability was not much greater than was observed among 
the macroprocedures. In a few instances quite large differences 
were observed (maximum —6.8 mg.) but in twenty-six of the 
thirty-four cases the difference was 3.0 mg. or less. The sum of 
the errors of the macro- and microprocedures may be expected 
to be at least this large. 

In 55 comparisons the average difference for total cholesterol 
was +1.88 mg. with a probable error of 0.27 mg. The difference 
is statistically significant and indicates that the microprocedure 
gives higher results than the macroprocedure. Large differences 
(all positive—maximum +13.1 mg.) were obtained in four deter- 
minations in the early part of the work, while difficulty was being 
experienced with emulsions and before the final technique had 
been adopted. If these be omitted, the average becomes + 1.28 
mg. with a probable error of 0.15 mg. The still significant differ- 
ence represents in large part the tendency of Procedure T, to 
give low values, probably because of the use of too little water 
in the first washing (see above). A comparison of the values 
obtained by the microprocedure with those by Procedure T; 
alone shows no significant difference. The results as a whole do 
not permit the conclusion that the microprocedure gives appre- 
ciably different results from the macroprocedure, since in forty- 
four of 51 comparisons (including the questionable analyses made 
by Procedure T; but not the four determinations mentioned 
above) the difference was 3.0 mg. or less. 

Percentage of Free Cholesterol in Total Cholesterol—Although in 
most instances the micro- and macrodeterminations agreed quite 
closely, the individual differences were rather large in some of 


—— 


* Calculated from the formulas: ¢ = \/Zd?/n; probable error = 0.6745 
= 
o/V/ n. 








W. M. Sperry 387 
































ere Taste II 
the Percentage of Free Cholesterol in Total Cholesterol Determined by Micro- and 
tal Macroprocedures 
TO —— 
as  * Cholesterol ‘Free Sam si ith Cholesterol ‘Free 
No. Total | Free Total oO. Total | Free Total 
r "bo | GOR |Per cont "ha |"186 2S [ver cont | 
ly. 1 | Micro | 187.5] 53.9 | 28.7| 11 | Micro | 126.0) 33.7 | 26.7 ) 
- E:TiF; | 164.3) 50.0 | 30.4 E:T,F; | 111.9} 29.6 | 26.5 
g E:T.F; | 164.3) 52.8 | 32.1 E:T:F; | 109.5| 28.8 | 26.3 
8 2 | Micro | 199.1) 55.5 | 27.9 E,T;F; | 116.1) 28.8 | 24.8 
he E,TiF; | 195.9} 58.5 | 29.9 E:T,F; | 116.1] 34.2 | 29.5 
of E:T.F: | 192.1) 60.9 | 31.7 E:T;F; | 121.9) 34.2 | 28.1 
od 3* | Micro | 168.4) 61.5 | 36.5 E:T:F; | 114.6] 34.2 | 29.8 
E:T:F: | 162.3| 63.5 | 39.1 E:T;F; | 124.1] 34.2 | 27.5 
E,T.F, | 167.4] 65.9 | 39.3 | 12 | Micro | 195.2) 57.2 | 29.3 
ol 4 | Micro | 213.3] 58.1 | 27.2 E,T;F; | 195.1] 60.2 | 30.9 
pe E:T:F; | 200.0) 57.9 | 29.0 E:T;F:; | 196.4) 58.6 | 29.8 
re E,T.F, | 192.0] 61.0 | 31.8 E;T,F; | 201.2) 58.0 | 28.8 
- 5 | Micro | 216.9] 59.3 | 27.3 E:T;F; | 199.5) 58.8 | 29.5 . 
- E.T,F; | 218.1] 53.2 | 24.4] 13 | Micro | 203.1) 57.0 | 28.1 | 
6 | Micro | 197.4| 51.3 | 26.0 E,T;F; | 202.4] 63.1 | 31.2 ) 
iB E:T,F; | 193.3] 49.7 | 25.7 E,T.F; | 207.1) 63.6 | 30.7 ) 
d E.T;F; | 190.0] 49.7 | 26.2 E,T;F; | 205.6) 63.6 | 30.9 
8 7 Micro {| 203.9] 59.1 | 29.0 E:T;F; | 209.2) 58.9 | 28.2 
r E,T,F, | 197.7) 63.5 | 32.1 E:T.F, | 199.8) 59.8 | 29.9 | 
. E:T.F; | 196.5| 61.9 | 31.5 E:T;F; | 206.8) 59.8 | 28.9 | 
E:T,F, | 194.8] 52.9 | 27.2| 14 | Micro | 204.6] 60.9 | 29.8 | 
J E:T.F, | 195.5} 52.9 | 27.1 E,T,F; | 205.6} 60.8 | 29.6 | 
S 8* | Micro | 112.1) 40.2 | 35.9 E,T;F; | 202.4) 60.8 | 30.0 
. E,T,F; | 102.3) 31.1 | 30.4 E:TiF; | 200.0] 59.0 | 29.5 | 
. E:T;F,; | 105.0} 31.1 | 29.6 E:T;F; | 201.2) 59.0 | 29.3 ) 
* E:T,F, | 114.1] 37.3 | 32.7 E;T,F; | 204.6) 56.0 | 27.4 
| E:T,F; | 114.4| 37.3 | 32.6 E:T;F; | 200.7) 56.0 | 27.9 
P 9 | Micro | 209.4) 55.4 | 26.5 E.T,F; | 206.4) 57.8 | 28.0 | 
° E:T:F, | 205.5) 56.0 | 27.3 E:T;F, | 199.4| 57.8 | 29.0 
E:T.F: | 204.9! 62.0 | 30.3 | 
E:TsF; | 196.4| 56.0 | 28.5 ) 
: E:T:F; 202.0 53.4 | 26.4 | 
E:TsF; | 208.8) 53.4 | 25.6 | 


























* These samples, showing a percentage above the normal human range, 
, were taken from the same dog. Hl 
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the comparisons. The question arises whether the variations 
were great enough to account for the marked discrepancy between 
the results of the author (2), who found that the procedure of 
Schoenheimer and Sperry yields relatively constant values for 
the percentage of free in total cholesterol in the blood serum of 
healthy persons, and those of other investigators, who have re- 
ported much more variable and higher average values. The data 
(Table II) show that this is not the case. In no instance (except 
in Sample 8, Procedure E,T;F;) was the difference between the 
percentage values obtained with the micro- and macroprocedures 
greater than the difference between the minimum (24.3) and maxi- 
mum (30.1) percentages observed in healthy persons (2). In 
most the variation was much less. It is concluded, therefore, 
that the wide discrepancy between the findings with the method 
of Schoenheimer and Sperry and with other methods cannot be 
accounted for by errors in the former. 


SUMMARY 


The concentration of free and total cholesterol was determined 
in fourteen samples of blood serum by the micromethod of Schoen- 
heimer and Sperry and by one or more modifications of the macro- 
gravimetric procedure. With the exception of one combination 
of procedures for free cholesterol determination, with which no 
results could be obtained, no statistically significant differences 
among the various macroprocedures could be demonstrated. 

Although fairly large differences between the micro- and macro- 
procedures were observed in a few instances, most of the com- 
parisons showed satisfactory agreement. The average difference 
was not significant for free cholesterol. The microprocedure 
gave a significantly higher average result for total cholesterol 
than the macromethod but the difference could be largely ac- 
counted for by small losses in one of the macroprocedures. 

With a single exception the percentage of free in total choles- 
terol determined by the microprocedure differed from the corre- 
sponding macro value by less (usually much less) than the range 
of variation reported by the author in healthy human subjects. 

It is concluded that the microprocedure gives essentially the 
same result as the macrogravimetric method and that the former 
is not subject to sufficiently large errors to account for the marked 
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discrepancy between findings in normal blood serum reported 
by the author (2) and those of other investigations. 
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THE SYNTHESIS OF a-GLUTAMYLCYSTEINYLGLYCINE 
(ISOGLUTATHIONE) 


By VINCENT pu VIGNEAUD, HUBERT 8. LORING, anp 
GAIL LORENZ MILLER* 


(From the Department of Biochemistry, School of Medicine, George Washington 
University, Washington) 


(Received for publication, January 20, 1937) 


In investigations of the chemistry and physiological action of 
the y-glutamyl peptide, glutathione, it would be of considerable 
value to have available the isomeric peptide, in which the cystein- 
ylglycine portion of the molecule is attached to the a-carboxyl 
grouping of the glutamic acid, namely the a-glutamylcystein- 
ylglycine. For convenience this compound might be designated 
as isoglutathione. 

To have available such a compound would make possible in- 
teresting comparative studies of this isomer of glutathione with 
glutathione itself. Studies of the stabilities of these two com- 
pounds might throw some light on the réle that the + linkage 
plays in certain peculiar phases of the chemistry of glutathione, 
such as the ease of the splitting off of cysteinylglycine. Kendall, 
Mason, and McKenzie (1) found, for example, that merely heating 
glutathione in aqueous solution at 62° would readily cleave the 
compound yielding cysteinylglycine. Hopkins (2) also observed 
that when glutathione was heated in boiling water, pyrrolidone- 
carboxylic acid was split off with the formation of the diketopiper- 
azine of cysteinylglycine. It would also be of interest. to know 
whether the stability of the sulfur towards alkali and the oxidation- 
reduction behavior are influenced by these two types of linkages. 
A comparison of the behavior of the two isomers towards digestive 
enzymes would no doubt yield data of value. Furthermore, it 
would be interesting to compare their behavior in certain physio- 
logical reactions, particularly where it is believed that glutathione 
plays some specific role, such as coenzyme for methylglyoxalase. 


* Eli Lilly and Company Research Fellow. 
391 














ae 





Sip 
Pree, 





392 Synthesis of Isoglutathione 


In some experiments, which we had carried out exploring various 
possibilities for the synthesis of glutathione, we attempted the 
opening of carbobenzoxyglutamic anhydride with S-benzylcystein- 
ylglycine in pyridine solution. In this work we obtained indica- 
tions that the anhydride opened in such a manner as to yield 
predominantly the derivative of the a-peptide. Because of the 
value of having available the isomeric glutathione, we have 
prosecuted further these observations and have succeeded in 
isolating the isoglutathione in crystalline form. 

The N-carbobenzoxy-a-glutamyl-S-benzyleysteinylglycine, _re- 
sulting from the opening of the carbobenzoxyglutamic anhydride, 





(a) (h) 
Fic. 1. (a) Isoglutathione (x 150); (6) glutathione (x 150) 


was obtained in crystalline form and was reduced in liquid ammo- 
nia with metallic sodium. The benzyl and carbobenzoxy groups 
were removed, as was expected from our experience with the 
reduction of dicarbobenzoxycystinyldiglycine and S-benzyleystein- 
ylglycine (3). The tripeptide which resulted was isolated by way 
of its mercury and copper salts. It is of interest to note that the 
latter salt did not possess the sheen which is so characteristic of 
the copper salt of glutathione. The isoglutathione was regen- 
erated from the copper salt in the usual manner and was obtained 
in the form of very thin platelets which appear almost as needles, 
as shown in Fig. 1, in which is also given the crystalline form of 
glutathione. The compound melted with decomposition at 152- 
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153° and showed a specific rotation of [a] = +2.5° for a 2 per cent 
solution in water. The analytical values agreed with the theo- 
retical values. However, to show beyond any question that the 
above opening of the anhydride really yielded the a-peptide, the 
N-carbobenzoxy-a-glutamyl-S-benzylcysteinylglycine was synthe- 
sized by another method which definitely placed the peptide 
linkage in the a position. This method, however, was less con- 
venient than the anhydride opening and was utilized only to con- 
firm the presence of the a linkage. 

This was accomplished by condensing y-ethyl-N-carbobenzoxy- 
glutamyl chloride with S-benzylcysteinylglycine methyl ester. 
The y-ethyl glutamic acid hydrochloride was prepared by the 
method of Bergmann and Zervas (4) and was converted into the 
carbobenzoxy compound. The condensation product was saponi- 
fied and the N-carbobenzoxy-a-glutamyl-S-benzylcysteinylglycine 
which resulted was obtained in crystalline form. This compound 
was found to be identical with the product obtained from the 
opening in pyridine of carbobenzoxyglutamic anhydride with 
8-benzylcysteinylglycine. 


EXPERIMENTAL 


Preparation of N-Carbobenzory-a-Glutamyl-S-Benzylcysteinyl- 
glycine with Carbobenzoryglutamic Anhydride—13.4 gm. of 5- 
benzyleysteinylglycine, prepared by the method of Loring and du 
Vigneaud (3), were powdered and were suspended in 200 cc. of 
anhydrous pyridine. 13.2 gm. of carbobenzoxyglutamic anhydride, 
prepared according to the directions of Bergmann and Zervas (5), 
were added in ten portions to the above suspension. The mixture 
was shaken after each addition. The carbobenzoxyglutamic 
anhydride together with the S-benzylcysteinylglycine gradually 
went into solution and the mixture became warm. After standing 
for an hour at room temperature, the solution was separated from a 
small amount of insoluble material and was concentrated in vacuo. 
The residue was transferred to a beaker with the aid of 200 cc. of 
water and a few cc. of N NaOH. The solution, which was very 
gelatinous, was acidified with dilute HCl and the amorphous 
precipitate which separated was filtered and washed thoroughly 
with water. The moist filter cake was dissolved in about 50 ce. of 
warm dioxane and filtered. The filtrate was diluted with a little 
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water and was placed in the refrigerator to crystallize. The 
product, which separated as very fine needles, was filtered and 
was washed with 50 per cent dioxane and then with ether. A 
second crop was obtained by concentration of the mother liquors, 
The yield was 11 gm., which represented 40 per cent of the theo- 
retical amount. After recrystallization from dioxane, the com- 
pound melted at 191—192°. The analytical values of 7.98 per cent 
N and 6.02 per cent S correspond to the theoretical values of 7.91 
per cent N and 6.03 per cent S for CosH290sN38. 

Preparation of N-Carbobenzory-a-Glutamyl-S-Benzylcysteinyl- 
glycine with y-Ethyl-N-Carbobenzoryglutamic Acid—y-Ethy] glu- 
tamic acid hydrochloride was prepared according to the directions 
of Bergmann and Zervas (4) and was converted to the carbo- 
benzoxy compound with carbobenzoxy chloride and MgO. The 
carbobenzoxy derivative agreed in properties with the preparation 
of Abderhalden and Nienburg (6) which, however, as shown by 
Bergmann and Zervas (4), was mislabeled the a ester instead of the 
y ester. 3 gm. of this compound were converted to the acid 
chloride and were condensed with 7.6 gm. of the free methyl ester 
of S-benzylcysteinylglycine, as in the corresponding step in the 
glutathione synthesis (7). 3.6 gm. of crude condensation product 
were obtained. 3 gm. of the material were dissolved in dioxane 
and were saponified with 13 cc. of N NaOH. There was obtained 
about 1 gm. of amorphous product, which, after two crystalliza- 
tions from dioxane, yielded needles which melted at 191-192°. A 
mixture of this compound with a sample of the crystalline product 
obtained from the opening of the carbobenzoxyglutamic anhydride 
with S-benzylcysteinylglycine also melted at 191-192°. 

Preparation of Isoglutathione—The free tripeptide was prepared 
from the N-carbobenzoxy-S-benzy! derivative by the procedure 
outlined by du Vigneaud and Miller in the synthesis of glutathione 
(7). 10 gm. of N-carbobenzoxy-a-glutamyl-S-benzylcysteinyl- 
glycine were dissolved in 200 cc. of dry liquid ammonia and 
reduced with about 2.5 gm. of metallic sodium. 7.3 gm. of 
(NH,)2SO, were added to neutralize the sodium and the ammonia 
was evaporated. The isoglutathione was precipitated first with 
HgS0O, solution and then after the mercury salt was decomposed 
with HS, the peptide was reprecipitated with cuprous oxide. The 
final filtrate from the decomposed cuprous mercaptide was evap- 
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orated in a desiccator toa heavy syrup. The syrup crystallized as 
tiny platelets when the sides of the container were scratched. 
The crystallizing dish was placed in a desiccator filled with hydro- 
gen and crystallization was allowed to proceed overnight in the 
refrigerator. The compound was taken up with the aid of a little 
50 per cent alcohol and filtered. The crystals were washed with 
cold 50 per cent alcohol and finally with 95 per cent alcohol. After 
the product was dried, it amounted to 3 gm., which represented 50 
per cent of the theoretical yield. A small sample of the product 
was recrystallized for analysis by dissolving in a minimum volume 
of water and diluting the solution with an equal volume of alcohol. 
After the solution had stood overnight in the refrigerator, the 
compound crystallized out and was filtered and dried. The 
peptide melted with decomposition at 152-153° and showed a 
specific rotation of [a]? = +2.5° for a 2 per cent solution in water. 
When subjected to analysis, the compound showed the following 


composition. 


CoH: 706N;8-H,0. Calculated. C 36.90, H 5.89, N 12.92, Ss 9.86 
Found. ** 37.20, ** 5.76, “‘ 13.01, ‘* 9.96 


The authors wish to thank Mr. C. Rodden, microanalyst of this 
laboratory, for carrying out the microanalyses. 


SUMMARY 


A synthesis of a-glutamyleysteinylglycine, which has been des- 
ignated isoglutathione, has been presented. 

The possibilities for comparative studies of this compound with 
the isomeric glutathione have been pointed out. 
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SPECTROPHOTOMETRIC STUDIES OF THE COLOR DE- 
VELOPMENT IN THE ANALYSIS OF SUGAR BY THE 
BENEDICT METHOD AND OF CHOLESTEROL 
BY THE LIEBERMANN-BURCHARD 
REACTION* 


By F. WILLIAM SUNDERMAN anv JOSEPH RAZEK 


(From the John Herr Musser Department of Research Medicine and the 
Randal Morgan Laboratory of Physics, University of 
Pennsylvania, Philadelphia) 


(Received for publication, January 22, 1937) 


For colorimetric analyses either by visual reading or photoelec- 
tric cell, the advantages of employing light confined to selected 
zones of the spectrum are now recognized. Since many solutions 
used in biological colorimetric analyses display changes in tint and 
intensity of color developed over a period of time after prepara- 
tion, the isolation in the spectrum of a zone of constant transmis- 
sion may be more desirable than the isolation of a zone of maximal 
absorption. The selection of the optimal region in the spectrum 
for making measurements requires investigation for each. colori- 
metric method. This paper presents an analysis of the color 
development during the first 30 to 60 minutes when sugar solu- 
tions are analyzed by the Benedict method (1) and cholesterol 
solutions are analyzed by utilizing the Liebermann-Burchard 
reaction; in both instances the color of the solutions obtained is 
unstable. 

The development of color in the solutions studied was analyzed 
by the Razek-Mulder color analyzer.' This instrument is an auto- 
matic, photoelectric indicating and recording spectrophotometer 
by means of which a transmission curve of a given solution may 
be photographed over the visible range within 10 seconds. The 
rapidity with which individual curves may be obtained with this 


* Aided by a grant from the Faculty Research Committee of the Uni- 


versity of Pennsylvania. 
1 Manufactured by the Thwing Instrument Company, Philadelphia. 
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Fic. 1. Transmission curves of a tungstic acid filtrate of blood for 
sugar analysis by Benedict’s method. 
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Fig. 2. Optical densities of sugar solutions at 592 my plotted against 
the concentrations. 
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instrument facilitates the study of solutions with changing color. 
Transmission curves for the solutions studied were obtained within 
2 minutes after their preparation and subsequent curves at inter- 
vals up to 1 hour. The transmission curves shown in Figs. 1 and3 
have been selected from the respective families of curves obtained 
at more frequent intervals of time. Curves obtained at other 
intervals than those shown in Figs. 1 and 3 fall in series with 
the curves which are given. 
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Fig. 3. Transmission curves of an alcohol-ether extract of blood serum 
by the Liebermann-Burchard reaction. 


Transmission Curves of Sugar Solutions by Benedict’s Method— 
Fig. 1 shows a series of transmission curves of a tungstic acid fil- 
trate prepared from blood for sugar analysis by Benedict’s method. 
During the 23 minutes of observation the percentage of trans- 
mission decreased in the blue range and increased in the red range 
of the spectrum. In the blue range the increase in the optical 
density amounted to more than 20 per cent during this period. 
At a wave-length of approximately 592 my the curves crossed, 
indicating that the percentage of transmission at this wave- 
length was constant during the period of observation. The point 
of intersection of the time curves for all of the sugar solutions we 
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Fig. 4. Transmission curves of a cholesterol standard kept protected 


from light. 
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Fig. 5. Transmission curves of a cholesterol standard of the same con- 
centration as shown in Fig. 4 exposed to daylight. 








al 


03 8 


04 
0.5 


oO 











F. W. Sunderman and J. Razek 401 


have analyzed by the Benedict method, whether from tungstic 
acid or zinc filtrates of blood or from aqueous glucose solutions 
of different concentrations, has always been located between 590 
and 595 mu. 

Fig. 2 shows that at 592 my the concentration of aqueous sugar 
solution was proportional to optical density over a 4-fold range of 
concentration. 

Transmission Curves of Cholesterol Solutions by Liebermann- 
Burchard Reaction—Fig. 3 shows a series of transmission curves 
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Fic. 6. Optical densities of cholesterol solutions at 530 mp after 10 
minutes and at 660 my after 20 minutes plotted against the concentrations. 




















during 35 minutes of the color development by the Liebermann- 
Burchard reaction with an alcohol-ether extract of blood serum 
according to the method of Bloor, Pelkan, and Allen (2). In the 
blue-violet region the percentage of transmission decreased 
throughout the period; in the orange-red region it decreased to a 
minimum at about 20 minutes, then increased during the remain- 
ing 15 minutes of the observation. Constancy of transmission 
was observed after 10 minutes at a wave-length of 530 mu. 

It is known that the development of color in cholesterol solutions 
is influenced by exposure to light. In Figs. 4 and 5 are trans- 
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mission curves from two cholesterol standards of the same concen- 
tration. The curves in Fig. 4 were obtained from the solution 
exposed to daylight throughout the period of study; the curves in 
Fig. 5, from the solution kept protected from light except for the 
intervals of 10 seconds each required to obtain each curve. The 
solution kept in the dark developed a marked absorption in the 
blue-violet range not observed in the solution exposed to light. 
The transmission curves in the region from 550 to 700 mu when 
obtained at corresponding intervals of time were approximately the 
same in both the exposed and unexposed solutions. 

In Fig. 6 are plotted concentrations of cholesterol in solution 
against optical densities at 530 my after 10 minutes and at 660 
mu between 20 and 25 minutes. At 530 mu after 10 minutes the 
transmission was constant and optical densitiy was proportional 
to concentration. At 660 mp the transmission was not constant 
even after 20 minutes and the plot of optical density against con- 
centration was curved. 


DISCUSSION 


Although both the sugar and cholesterol solutions varied in 
color during the period of observation, nevertheless each type of 
solution exhibited constancy in transmission at a characteristic 
portion of the spectrum. The standard method for determining 
transmission at a definite region in the spectrum is by means of 
a spectrophotometer. However, the general availability of colori- 
meters of the Duboscq type makes it convenient to adapt the 
colorimeter for the determination of transmission in a selected 
spectral zone as near the optimal as the limitations of the colori- 
meter permit. 

Approximate isolation of the region between 590 and 595 mu for 
the measurement of sugar solutions by the Benedict method may 
be accomplished either by placing appropriate filters? in the lens 
system and illuminating the colorimeter by an incandescent lamp 
or by using the yellow line in the spectrum of a mercury or helium 


? A combination of either three Wratten filters (Nos. 24-A, 24-A, 53) or 
two Corning Glass filters (No. 401, 4 mm. thickness, and No. 246, 125 per 
cent) placed in the lens system of the colorimeter is suitable for readings 
in this region. These combinations are very dense, so that illumination 
of the system must be greatly increased. 








al 








F. W. Sunderman and J. Razek 403 


lamp® (579 and 587 mu respectively). Photometric measurements 
may be made against a standard consisting of a neutral tint filter 
of appropriate optical density.‘ 

Fig. 7 is a photograph of a type of mercury or helium lamp 
operated from a high voltage transformer which is adapted for use 
with colorimeters. When measurements are being made con- 
tinuously, the helium lamp, because of the heat it generates, is 
less desirable than the mercury lamp. Colorimetric measure- 


A 








2 









Fic. 7. Mercury or helium lamp. 1, Pyrex tubing arranged in two layers 
to provide a continuous sheet of light; 2, removable opal glass reflector 
for insertion beneath tubing; 3, cast iron base; 4, thumbscrew for adjust- 
ment to colorimeter; 5, cable to high voltage transformer. 


ments of sugar solutions in which light is limited by any of these 
methods to the region of the spectrum desired are suitably con- 
stant during the interval from 10 to 60 minutes after preparation 


’ Isolation of either of these lines is secured by placing a No. 4 mono- 
chromatic Corning Glass filter over the eyepiece of the colorimeter. 

*NG-3, NG-4, and NG-5 Jena glass filters may be used for this purpose. 
Satisfactory neutral gray filters may also be provided by using monel 


metal gauze of various meshes 
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of the solution. Reproducible results are obtained by different 
observers after 10 minutes to within 0.1 mm. when the depth of 
solution is approximately 10 mm. 

With the sugar solutions the transmissions in the region beyond 
650 mu did not change appreciably after 20 minutes. Dr. C. F, 
Park, working in our laboratory, has preferred to make his read- 
ings through a deep red filter 20 minutes or more after the final 
preparation of the solutions. 

With cholesterol solutions the region of most constant trans- 
mission was at 530 my after 10 minutes. However, in this zone 
absorption is minimal, so that the procedure of analysis would 
require change either by increasing the concentration of choles- 
terol in the final solution several fold or by increasing the depth 
of solution examined in the colorimeter. As a routine procedure 
neither of these changes is convenient. For our analyses we have 
preferred to adhere to the usual concentrations and to make the 
readings in the red zone centering about 650 mu promptly after 
20 minutes, when absorption is nearly maximal.’ Obviously 
because of the changing absorption we use a cholesterol standard 
of approximately the same concentration as the unknown rather 
than a constant, neutral tint standard. The curves in Figs. 4 
and 5 indicate that when measurements are made in this zone it is 
unnecessary to protect the solutions from light. 


SUMMARY 

The development of color in sugar solutions by the Benedict 
method and in cholesterol solutions by the Liebermann-Burchard 
reaction was studied by means of a photoelectric spectrophoto- 
meter which recorded within 10 seconds the transmission at each 
wave-length throughout the visible range. The first curve was 
obtained 2 minutes after preparation of a given solution and sub- 
sequent curves at intervals up to 1 hour. These studies afford a 
basis for selecting the optimal spectral zone for colorimetry in 
these two methods. 
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5A Wratten No. 71-A filter, as suggested by Schoenheimer and Sperry 


(3), has proved satisfactory. 
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XIII. SYNTHETIC SUBSTRATES FOR CHYMOTRYPSIN 
By MAX BERGMANN anv JOSEPH 8S. FRUTON 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, January 23, 1937) 


It was found that a preparation of once recrystallized chymo- 
trypsin (1) splits carbobenzoxyglycyl-l-tyrosylglycineamide with 
great rapidity. A sample of four times recrystallized chymotryp- 
sin, obtained from Dr. J. H. Northrop, split this substrate with 
equal rapidity. The hydrolysis of the peptide derivative is 
therefore a property of the crystalline enzyme itself and is not 
attributable to an impurity in the crude product. 

In the splitting of the substrate one peptide linkage was hydro- 
lyzed with the formation of carbobenzoxyglycyl-l-tyrosine. If 
crystalline carboxypeptidase (2) was added to the hydrolysate, 
this reaction product was split further to yield free tyrosine. 
Thus, if carbobenzoxyglycyl-l-tyrosylglycineamide had appeared 
in the human or animal intestine, it would have undergone, in 
analogy with the fate of a true protein, a successive digestion by 
the enzymes of the intestinal contents followed by the absorption 
of a portion of the split-products. 

Other compounds, closely related to carbobenzoxyglycyl-l- 
tyrosylglycineamide were tested for lability in the presence of 
chymotrypsin. Thus, N-carbobenzoxy-l-tyrosylglycineamide and 
glycyl-l-tyrosylglycineamide are split very easily by the enzyme; 
carbobenzoxyglycyl]-l-phenylalanylglycineamide and N-carboben- 
zoxy-l-tyrosylglycylglycineamide, much more slowly (Table I). 
The following are not attacked by the enzyme: N-carbobenzoxy-l- 
tyrosylglycine, carbobenzoxyglycyl-l-glutamylglycineamide, ben- 
zoylglycyl-l-lysineamide, carbobenzoxyglycyl-l-leucylglycineamide, 
benzoyl-l-leucyl-l-leucylglycine, and chloroacetyltyrosine. 

Until recently, there were no synthetic peptides available which 
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406 Proteolytic Enzymes. XIII 
Taste I I 
Behavior of Synthetic Substrates toward Chymotrypsin ' 
Hydrolysis ] 
Enzyme Substrate Time a naan — of t 
Slyke Titration q 
hrs. | per cent | per cent { 
Chymotrypsin, | Carbobenzoxygly- | 4 | 90 93 Carboben- 1 
once recrys- cyl-l-tyrosylgly- |22 |103 98 zoxyglycyl- ( 
stallized,0.65| cineamide l-tyrosine ( 
mg. of pro- | Glycyl-l-tyrosylgly- | 0.5) 55 61 
tein N per cc. cineamide 17 | 96 95 
Carbobenzoxygly- | 4 | 23 23 
cyl-l-phenylala- |22 | 40 42 
nylglycineamide 
Carbobenzoxy-l- 4 | 89 93 Carboben- 
tyrosylglycine- 24 | 96 98 zoxy-l-tyro- | 
amide sine 
Carbobenzoxy-l- 24 0 1 : 
tyrosylglycine 
Carbobenzoxy-l- 4 s 5 
tyrosylglycylgly- |20 | 17 19 
cineamide 
Benzoylglycy!l-l- 6 4 
lysineamide 24 4 
Carbobenzoxygly- 20 0 
cyl-l-glutamyl- 
glycineamide 
Carbobenzoxygly- [22 1 
cyl-l-leucylglyci- 
neamide 
Benzoyl-l-leucyl-l- [20 0 
leucylglycine 
Chloroacetyl-l-tyro- |18 1 
sine 
Gelatin 2 0.22* 
18 0.59* 
Casein 3 0.49t 
5 0.63 
Chymotrypsin, | Carbobenzoxygly- | 3 88 
4 times re- cyl-l-tyrosylgly- [20 101 
crystallized, cineamide | 
0.7 mg. of pro-| Casein 3 0.62 
tein N per ce. 5 0.767 
* Increase in titer of 0.01 n KOH for 8 mg. of gelatin. 
t Increase in mg. of amino nitrogen for 67 mg. of casein. 
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had been shown to be hydrolyzed by a proteinase, and no peptidase 
was known which would attack genuine proteins. These factors 
led to the possibility that in proteins there were present some 
unknown types of linkage which could be split by the proteinases.' 
This uncertainty may now be set aside. Chymotrypsin is a pep- 
tidase just as are Cathepsin I, Papain I, and Bromelin I. All 
these four proteinases belong to that group of peptidases which 
do not require an a-amino group or an a-carboxyl as a point of 
enzyme attachment. On the contrary, several of these protein- 
ases are incapable of operating in the vicinity of an a-carboxyl, 
others in the vicinity of an a-amino group. Thus, they split their 
substrates preferably, although not exclusively, at interior peptide 
linkages; they are endopeptidases (7).? 

The opinion has been widely held (9) that proteinases require 
basic or acidic groups or phenolic tyrosine hydroxyls of the sub- 
strate side chains at points of attachment. This assumption has 
not been found valid in the case of chymotrypsin, or for Papain 
I, Cathepsin I, and Bromelin I. The proteinases are particularly 
sensitive to the presence and the special nature of the side chains 
in the substrate; for example, papain distinguishes between glycy] 
and leucyl (4), and chymotrypsin between phenylalanyl and leucyl. 
However, this faculty of differentiation cannot depend on a com- 
bination of the enzyme with the side chain of the substrate, but 
may rather be attriButed to the effect which the presence or 
absence of the various side chains may have on the sensitivity of 
the peptide linkages to the action of the enzymes. This conclu- 
sion seems to hold at least for the four proteinases which have been 
investigated for their action on synthetic substrates. However, 
the splitting of a peptide linkage by a proteinase is not only 
affected by the two amino acid residues which directly participate 
in the peptide bond but by more distant groups as well; this 
effect is clearly visible in the decrease of splitting of the tyrosyl- 


1The claim of several investigators (3) that diketopiperazines with 
basic or acidic side chains were substrates for proteinases has not been 
confirmed. Cf. Bergmann, Zervas, and Fruton (4), Greenstein (5), and 
Waldschmidt-Leitz and Gartner (6). 

? It may be mentioned that Linderstrém-Lang has expressed the view 
that proteinases are ‘‘enzymes which attack the peptide linkages in the 
middle of the chain’’ (8). 
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glycine linkage by chymotrypsin on passing from carbobenzoxy- 
tyrosylglycineamide to carbobenzoxytyrosylglycylglycineamide, 

The influence of the side chains varies in extent with the differ. 
ent proteinases. The only peptide linkages in synthetic com- 
pounds which have been split thus far by chymotrypsin were those 
in which the tyrosine or phenylalanine supplies the peptide 
carbonyl. This may be contrasted with Papain I which has been 
found to split peptide linkages where the peptide carbonyl] belongs 
to glycine, leucine, glutamic acid, or lysine, and where the peptide 
imino group belongs to glycine, leucine, glutamic acid, lysine, or 
tyrosine. 

The great range of action of Papain I results in a successive 
splitting in some of the synthetic substrates at several peptide 
linkages. An illustration of this behavior is found in the hydrol- 
ysis of carbobenzoxyglycyltyrosylglycineamide at two peptide 
linkages to yield carbobenzoxyglycine, tyrosylglycine, and ammo- 
nia (Table II). It will be noted that Papain I and chymotrypsin 
respectively attack this substrate at entirely different positions 
in the molecule. 

The finding of various simple synthetic substrates for pro- 
teinases, as reported in the present and in earlier papers, has 
opened the possibility of differentiating the proteinases on the 
basis of differences in their specificity toward the various synthetic 
substrates. The comparative behavior of papain and chymo- 
trypsin toward carbobenzoxyglycyltyrosylglycineamide indicates 
the possibility of differentiating two proteinases by the determina- 
tion of the points of attack within the same synthetic substrate. 

Carbobenzoxyglycyltyrosylglycineamide seems to be split very 
slowly by pepsin (Table II). Experiments are now in progress to 
test the possibility of developing a suitable substrate for pepsin 
by the systematic alteration of the above substance. 

It was recently reported from this laboratory (10) that ‘tryptic 
proteinase” splits benzoylglycyl-l-lysineamide quite rapidly at two 
peptide linkages. It is to be noted that tryptic proteinase, pre- 
pared according to Waldschmidt-Leitz and Purr (11), is a mixture 
of several enzymes (12). It was therefore desirable to determine 
the identity of the component responsible for the splitting of the 
above compound. Chymotrypsin is ineffective (Table I). A 
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solution of once recrystallized trypsin obtained from Dr. J. H. 
Northrop and kept over a year at 6° showed a splitting which 
stopped at 50 per cent after 3 hours at pH 7.8 (Table II). A fresh 
preparation of thrice recrystallized trypsin sent to us by Dr. North- 
rop was inactive towards benzoylglycyl-l-lysineamide, as was a 


Tasie II 
Behavior of Synthetic Substrates toward Proteinases 




















Hydrolysis 

Enzyme Substrate Time wen Ti. a 
Slyke tion 
hre pa baal 

Trypsin, 3 times | Benzoylglycyl-l-ly- 24 2 

recrystallized, sineamide 48 3 
0.65 mg. of pro-| Carbobenzoxyglycyl- | 22 0 
tein N per ce. l-tyrosyiglycine- 
amide 
Casein 3 | 0.17* 
5 | 0.26* 
Trypsin, once | Benzoylglycyliysine- 3 50 
recrystallized, amide 20 52 
0.4 mg. of pro- 
tein N per cc. 

Papain-HCN Carbobenzoxyglycyl- 3 94} Carboben- 
l-tyrosylglycine- zoxyglycine 
amide 22 202| Tyrosylgly- 

50 201; cine 

Pepsin, 10 mg. r 26 7.0 

1:14,000 per 48 | 11.0 

ee. Carbobenzoxyglycyl- | 20 0.0 
l-glutamylglycine- 44 3.0 
amide 




















* Increase in mg. of amino nitrogen for 67 mg. of casein. 


mixture of this enzyme preparation with chymotrypsin. These 
findings lead to the conclusion that in cattle pancreas and in 
“tryptic proteinase” there exists a proteinase which is different 
from trypsin and chymotrypsin. This enzyme, which splits 
benzoylglycyllysineamide, may be designated as heterotrypsin. 
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The authors wish to express their thanks to Dr. J. H. Northrop, 
Dr. P. A. Levene, and Dr. G. Meyer for placing at their disposal 
samples of crystalline trypsin and chymotrypsin. 


EXPERIMENTAL 
Carbobenzoryglycyl-l-T yrosylglycineamide 


N-Carbobenzory-o-Acetyl-l-Tyrosylglycine Ethyl Ester—13 gm. 
of N-carbobenzoxy-o-acetyl-l-tyrosyl chloride (13) were added 
to a dry ether solution of glycine ethyl ester (from 25 gm. of the 
hydrochloride). After standing 1 hour at room temperature, the 
reaction mixture was filtered and the filtrate successively ex- 
tracted with hydrochloric acid, bicarbonate, and water, dried, 
and evaporated down. The residue (10 gm.) was recrystallized 
from ethyl acetate. M.p., 127°. 


CxsHO;Ny. Calculated. C 62.4, H 5.9, N 6.3 
442.2 Found. “ 62.5, “ 5.9, “ 6.3 


Carbobenzoryglycyl-l-T yrosylglycineamide—4.5 gm. of the above 
ester were hydrogenated catalytically in methanol containing 1 
ec. of 10 N hydrochloric acid. The hydrogenation mixture was 
filtered and the filtrate evaporated down, yielding a syrup which 
was dissolved in 6 cc. of water and converted to the free ester in 
the usual manner with ethy! acetate as the organic solvent. After 
drying briefly over Na,SO,, there were added 1.3 gm. of carboben- 
zoxyglycyl chloride, and after some shaking, another portion of 
1.3 gm. of carbobenzoxyglycyl chloride was added together with 
10 cc. of 10 per cent potassium bicarbonate solution. Finally, 
an additional 20 cc. of bicarbonate solution were added, the aque- 
ous layer was separated off, and the ethyl acetate layer washed 
with water, dilute hydrochloric acid, bicarbonate, and water, and 
then dried and evaporated down. The resulting syrup was dis- 
solved in 25 cc. of methanol saturated with ammonia at 0° and 
allowed to stand at room temperature for 2 days. Upon evapora- 
tion a crystalline residue resulted. Yield,2.5gm. After recrystal- 
lization from hot water, the substance melted at 192°. 


CuHaOcN,y. Caleulated. C 58.9, H 5.5, N 13.1 
428.2 Found. “ou on we 


The enzymatic hydrolysate by chymotrypsin of 595 mg. of this 
substance was filtered, concentrated to a small volume, acidified to 
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Congo red, and the resulting oi] extracted with ethyl acetate. 
The split-product was purified by passage through bicarbonate, 
precipitation by acid, and reextraction by ethyl acetate. On 
concentration of the ethyl acetate solution, 350 mg. (68 per cent 
of the theory) of a crystalline material were obtained, having a 
melting point of 105°. The mixed melting point with carbo- 
benzoxyglycyl-l-tyrosine was 105-106°. — 


CisH2eOeN2 (372.2). Calculated, N 7.5; found, N 7.4 


The chymotrypsin hydrolysate of 53 mg. of the above substance 
was filtered and to it were added 5 mg. of crystalline carboxypepti- 
dase. After 1 hour at 40° the titer of the solution had increased 
by an amount of 0.01 N alkali equivalent to 30 per cent of one 
peptide linkage, and tyrosine crystals separated out. 

The enzymatic hydrolysate by papain-HCN of 400 mg. of 
carbobenzoxyglycyltyrosylglycineamide was evaporated down to a 
small volume, acidified to Congo red, and the resulting oil extracted 
with ethyl acetate. The ethyl acetate layer was then extracted 
with bicarbonate solution and the aqueous layer acidified, yielding 
154 mg. of a crystalline precipitate (75 per cent of the theory). 
M. p., 120°. The mixed melting point with carbobenzoxyglycine 
was 120°. 

CyeHyO,N (209.1). Calculated, N 6.7; found, N 6.7 


The acid aqueous layer from the ethyl acetate extraction was 
neutralized, filtered, and treated with 0.25 cc. of carbobenzoxy 
chloride and 2.5 ec. of N NaOH. When the product was acidified 
to Congo red, an oil was obtained which crystallized after a short 
period in the ice box. Yield, 238 mg. (64 per cent of the theory). 
After recrystallization from ethyl acetate-petroleum ether, the 
melting point was 96°. The mixed melting point with carbo- 
benzoxy-l-tyrosylglycine was 96°. 

CisHaoOsN2 (372.2). Calculated, N 7.5; found, N 7.7 


Glycyltyrosylglycineamide Hydrochloride—0.5 gm. of the carbo- 
benzoxy compound was hydrogenated catalytically in the presence 
of 0.15 ec. of concentrated hydrochloric acid. When the filtrate 
was evaporated down from the hydrogenation mixture, a crystal- 
line substance was obtained. M.p., 89-90°. 


Ci:3H,s0,N,-HCI-H,O. Calculated. C 45.0, H 6.1, N 16.3 
Found. * 45.3, “ 6.0, “ 16.3 
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Carbobenzoxy-l-T yrosylglycineamide—1 gm. of N-carbobenzoxy- 
o-acetyl-l-tyrosylglycine ethyl ester was dissolved in methanol 
saturated with ammonia and left at room temperature for 2 days. 
The solution was then filtered, evaporated down, and the resulting 
syrup taken up in a small volume of methanol. On careful addi- 
tion of water an oil resulted, which crystallized on standing 
overnight in the cold. Yield, 0.7 gm. After recrystallization 
from methanol-water the substance melted at 116°. 


CisH2O5Ns. Calculated. C 61.4, H 5.7, N 11.3 
371.2 Found. “ms,” 65, * 16 


The enzymatic hydrolysate by chymotrypsin of 350 mg. of this 
substance was filtered, concentrated to a small volume, and acidi- 
fied to Congo red. The resulting oil was extracted with ethyl 
acetate, which in turn was extracted with bicarbonate solution. 
When the aqueous layer was acidified, an oil appeared which 
crystallized after cooling. Yield, 265 mg. (80 per cent of the 
theory). 


N-Carbobenzorytyrosine— 
C,;H:7O;N-H,O. Calculated. C 61.6, H 5.8, N 4.1 
333.2 Found. * Os” a7, * 4s 


Carbobenzory-l-T yrosylglycine—2.8 gm. of N-carbobenzoxy- 
o-acetyl-l-tyrosylglycine ethyl ester were dissolved in 20 ce. of 
methyl] alcohol, and 13 ec. of N NaOH were added. After standing 
at room temperature for 20 minutes, the solution was acidified 
with 15 ec. of normal hydrochloric acid. The resulting crystals 
were recrystallized from methanol-water. Yield, 2.1 gm. M.p., 
100°. 

CigHaoOsNe. Calculated. C 61.3, H 5.4, N 7.5 
372.2 Found. "ie a. aa 

Carbobenzoryglycyl-l-Tyrosine Ethyl Ester—2.5 gm. of carbo- 
benzoxyglycyl chloride were added to an ethyl acetate solution of 
tyrosine ethyl ester (from 8 gm. of the hydrochloride). The 
reaction mixture was allowed to stand for 2 hours, the tyrosine 
ethyl ester hydrochloride was filtered off, and the filtrate was 


washed with dilute hydrochloric acid, bicarbonate, and water, 
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dried, and evaporated down. The resulting crystals were re- 
crystallized from ethyl acetate. Yield, 2.3gm. M.p., 118°. 


CuHyOcNe. Calculated. C 63.0, H 6.1, N 7.0 
400.2 Found. ‘* 62.7, ‘* 6.2, “ 68 


Carbobenzoryglycyl-l-Tyrosine—1 gm. of the ester was shaken 
with 7 cc. of N NaOH and after the solution was allowed to stand 
at room temperature for 15 minutes, it was acidified with Nn hydro- 
chloric acid. The resulting oil was taken up in ethyl acetate and 
transferred to bicarbonate. When the alkaline solution was 
acidified, the free acid crystallized. After recrystallization from 
ethyl acetate, the melting point was 107°. 


CisHaeOsN2. Calculated. C 61.3, H 5.4, N 7.5 
372.2 Found. ** 61.4, * 5.4, “ 7.4 


Carbobenzory-l-Tyrosylglycylglycineamide 


Carbobenzory-l-T yrosylhydrazide—7.2 gm. of carbobenzoxy-l- 
tyrosine ethyl ester were dissolved in 30 cc. of hot ethyl alcohol 
and 2 ec. of hydrazine hydrate were added. The hydrazide crys- 
tallized out on standing at room temperature for 24 hours. Yield, 
45gm. M.p., 220°. 


C,7H,sOWNs. Calculated. Cc 62.0, H 5.9, N 12.8 
329.2 Found. ** 62.1, ** 6.0, “ 12.6 


Carbobenzory-l-T yrosylglycylglycine Ethyl Ester—3 gm. of carbo- 
benzoxytyrosylhydrazide were suspended in 50 cc. of water and 
dissolved with the aid of 13 ce. of concentrated hydrochloric acid. 
With cooling and shaking there was added an aqueous solution of 
0.7 gm. of sodium nitrite. The azide was extracted with ethyl 
acetate, washed with cold water, bicarbonate, and water, and then 
added to an ethyl acetate solution of glycylglycine ethyl ester 
(from 2.6 gm. of the hydrochloride). After standing overnight, 
the reaction mixture was extracted with dilute hydrochloric acid, 
bicarbonate, and water, dried, and evaporated down, yielding 
2.5 gm. of a crystalline precipitate. M-.p., 165°. 


Cy3H270;Ns3. Calculated. Cc 60.5, H 6.0, N 9.2 
457.3 Found. ** 60.3, “ 6.1, “* 8.9 
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Carbobenzory-l-T yrosylglycylglycineamide—1 gm. of the ester 
was dissolved in 20 cc. of methyl alcohol saturated with ammonia 
at 0°. After the mixture stood overnight at room temperature, 
the amide crystallized out. The substance was recrystallized 
from methyl alcohol. Yield,0.8gm. M.p., 218°. 


CunH2»OcN,. Calculated. C 58.9, H 5.5, N 13.1 
428.2 Found. “* 50.1, “* 5.7, “ 12.9 


Carbobenzoryglycyl-l-Phenylalanylglycineamide 


Carbobenzory-l-Phenylalanylglycine Ethyl Ester—4.2 gm. of 
carbobenzoxy-l-phenylalanyl chloride (14) were added to a dry 
ether solution of glycine ethyl ester (from 7.5 gm. of the hydro- 
chloride). The reaction mixture was allowed to stand 1 hour at 
room temperature and was then filtered and washed successively 
with dilute hydrochloric acid, bicarbonate, and water, and dried. 
Upon evaporation of the solution, the substance began to crystal- 
lize out. Yield, 3.4 gm. M.p., 111°. 


CauHxOsN>. Calculated. Cc 65.5, H 6.3, N 7.3 
384.2 Found. “ 65.6, “ 6.4, “ 7.0 


Carbobenzoryglycyl-l-Phenylalanylglycineamide—3 gm. of the 
above compound were hydrogenated catalytically in methanol in 
the presence of 0.75 cc. of concentrated HCl. An ethyl acetate 
solution of the free ester was prepared from the resulting hydro- 
chloride in the usual manner and to it were added, in two portions, 
1.5 gm. of carbobenzoxyglycyl chloride; with the second portion 
there were added 5 cc. of 10 per cent potassium bicarbonate solu- 
tion. The reaction mixture was shaken and cooled throughout. 
The ethyl acetate layer was washed with dilute hydrochloric acid, 
bicarbonate, and water, dried, and concentrated under diminished 
pressure. The resulting syrup was dissolved in methanol pre- 
viously saturated with ammonia and left at room temperature 
for 2 days. On evaporation, a crystalline residue was obtained. 
Yield, 1.4 gm. The substance was recrystallized from hot water. 
M.p., 178°. 

C2H»OsN,. Calculated. C 61.1, H 5.9, N 13.6 
412.2 Found. “ 60.9, “ 6.0, “ 13.5 


Carbobenzoryglycyl-l-Glutamylglycineamide—2.5 gm. of the ester 
(4) were dissolved in 35 cc. of methanol previously saturated with 
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ammonia and allowed to stand at room temperature for 2 days. 
The syrup obtained on evaporation was taken up in water. When 
the aqueous solution was acidified, an oil separated out which 
erystallized on cooling. Yield, 1.7 gm. M.p., 175°. 


CiyH»O;N,. Calculated. C 51.8, H 5.9, N 14.2 
394.2 Found. “ 52.0, “ 5.8, “ 13.9 


Benzoylglycyl-l-Lysineamide—This substance was prepared as 
previously described (10). 


Enzymatic Studies 


The concentration of the synthetic substrates was 0.05 mm 
per cc. in all cases. The solutions were buffered by m/15 phos- 
phate buffers at pH 7.6 to 7.8 for chymotrypsin and trypsin, and 
by 0.04 m citrate buffers at pH 5.0 for papain-HCN. The tem- 
perature in all cases was 40°. The liberated carboxyl groups were 
measured by the method of Grassmann and Heyde (15), and the 
amino groups determined by means of the Van Slyke apparatus. 
Enzyme blanks and controls to test the lability of the substrates 
in the absence of the enzymes were performed. 
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THE SEPARATION OF CHOLINE AND ETHANOLAMINE* 


By ERWIN CHARGAFF 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, January 16, 1937) 


The separation of choline and ethanolamine or similar bases 
is a problem often encountered in work on the composition of 
phosphatides and other naturally occurring substances (cf. the 
reviews (1, 2)). Methods of separation have been described 
by Thierfelder and Schulze (3), Levene and Ingvaldsen (4), and 
Fourneau and Gonzalez (5). They are mainly based on the 
different solubilities of choline and ethanolamine in various sol- 
vents (3, 4). The use of naphthalene sulfochloride also has 
been recommended (5). 

An excellent reagent for the separation of choline from sub- 
stances containing free amino groups has been found in carbo- 
benzoxy chloride, CsHs;CH,OCOCI, which, as is well known, has 
been so successfully employed for the synthesis of peptides by 
Bergmann and Zervas (6). Whereas choline does not react with 
the reagent, a crystalline carbobenzoxy derivative of ethanolamine 
is formed in good yield from which the free base can be easily 
recovered. The advantages of this method are its rapidity, the 
formation of derivatives of definite melting point, and the ease 
with which recovery of the free bases can be effected. The last 
point will be especially valuable when mixtures of unknown bases 
are examined. 

The same principle of separation is obviously applicable to many 
other substances containing free amino groups. One further 
instance, the isolation of glucosamine, is described in the follow- 
ing paper (7). It is hoped that other applications will be reported 
at a later date. 


* This work was aided by a grant from the Carnegie Corporation of 
New York. 
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EXPERIMENTAL 


Isolation of Ethanolamine—To a solution of 1.94 gm. of choline 
hydrochloride and 1.70 gm. of ethanolamine hydrochloride in 9 
cc. of water, 4.7 gm. of sodium bicarbonate and 10 cc. of chloro- 
form were added. The mixture then was shaken with 4 gm. of 
carbobenzoxy chloride (6) which was added in four portions. It 
is advisable to cool the reaction mixture in running water for 
the first 15 minutes. After 1 hour no more CO, was given off. 
The mixture was acidified with dilute hydrochloric acid, more 
chloroform was added, and the two layers were separated. The 
aqueous layer was washed four times with chloroform. The 
united chloroform extracts were washed four times with very 
dilute hydrochloric acid and twice with water, dried with Na,SO,, 
and concentrated in vacuo. The remaining crude oil, weighing 
4.2 gm., was dissolved in 5 cc. of warm chloroform, and petroleum 
ether (b.p. 30-60°) was added until a turbidity developed. After 
12 hours in the refrigerator beautiful long needles had crystallized 
which weighed 1.98 gm. and melted at 65.5-66°. On addition of 
petroleum ether 0.45 gm. of the same compound was obtained 
from the mother liquor. The total yield of 2.43 gm. corre- 
sponds to 72 per cent of the theory. After one more crystalliza- 
tion from chloroform-petroleum ether, carbobenzory ethanolamine, 
CsHsCH2OCONHCH,CH2OH, was obtained in long, colorless 
needles melting at 66.5°. There was no depression of the 
melting point on admixture of a sample of the carbobenzoxy 
derivative obtained from ethanolamine in the absence of choline. 


Analysis—CioH,;0;N. Calculated. C 61.5, H 6.7, N 7.2 
195.1 Found. “ 61.7,“ 68,“ 7.0 


In order to recover the free base 0.5 gm. of the carbobenzoxy 
compound was suspended in 5 ec. of N HCl and treated with 
hydrogen in presence of the palladium catalyst, according to 
Bergmann and Zervas (6), for 2 hours, when all had gone into 
solution. The syrup obtained on concentration in vacuo of the 
filtered solution was taken up in 0.8 cc. of concentrated hydro- 
chloric acid, and a concentrated solution of gold chloride in 
concentrated hydrochloric acid was added. The gold chloride 
salt of ethanolamine crystallized immediately in yellow needles, 
which were filtered off, washed with chilled concentrated hydro- 
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chloric acid, and dried. The substance weighed 0.85 gm. (80 
per cent of the theory), melted at 194—195° (corrected), and was 
identical with the gold salt obtained from pure ethanolamine. 


Analysis—C;H,ON -HAuCl, (401.1). Caleulated, Au 49.2; found, Au 49.1 


Isolation of Choline—The aqueous layer containing the choline 
was diluted with water to exactly 200 cc., and aliquot parts were 
used for the estimation of choline and for the preparation of 
derivatives. According to the microestimation method of Roman 
(8), which makes use of the formation of the enneaiodide of choline, 
C;HyNOI, (9), a total of 1.75 gm. of choline chloride was found, 
corresponding to 90.2 per cent of the choline chloride originally 
present. From another portion of the aqueous solution the gold 
chloride salt of choline was prepared as fine yellow platelets 
melting at 274° (corrected). The yield of the gold derivative 
corresponded to a total of 1.6 gm. of choline chloride. 


Analysis—CsH,NOCI-AuCls. Calculated. C 13.5, H 3.2, Au 44.5 
443.1 Found. “* 13.6, “ 3.2, “* 44.4 


The choline was further characterized by the formation of the 
typical chloroplatinate and by the formation of nitrocholine 
perchlorate, Cs;HyN (C104) -CH2CH,ONO,, as platelets melting at 
187° (corrected), which was prepared according to Hofmann and 
Hébold (10). 


SUMMARY 


A method is described for the separation of choline from etha- 
nolamine by means of the carbobenzoxy derivative of the latter 
base. 


BIBLIOGRAPHY 


1. Thierfelder, H., and Klenk, E., Die Chemie der Cerebroside und 
Phosphatide, Berlin (1930). 

. Guggenheim, M., Les amines biologiques, Paris (1934). 

. Thierfelder, H., and Schulze, O., Z. physiol. Chem., 96, 296 (1915). 

. Levene, P. A., and Ingvaldsen, T., J. Biol. Chem., 48, 355 (1920). 

. Fourneau, E., and Gonzalez, A., An. soc. espaii. fisic. y quim., 19, 151 
(1921); Chem. Abst., 15, 2891 (1921). 

. Bergmann, M., and Zervas, L., Ber. chem. Ges., 66, 1192 (1932). 

. Chargaff, E., and Bovarnick, M., J. Biol. Chem., 118, 421 (1937). 

Roman, W., Biochem. Z., 219, 218 (1930). 

. Stanek, V., Z. physiol. Chem., 46, 280 (1905-06). 

. Hofmann, K. A., and Hébold, K., Ber. chem. Ges., 44, 1766 (1911). 


SO MNS om oo bo 


os 


on. ees eee em 











SL SAE OI eta rent 











A METHOD FOR THE ISOLATION OF GLUCOSAMINE* 


By ERWIN CHARGAFF ano M, BOVARNICKt 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, January 16, 1937) 


Work on the amino sugars occurring in nature is hampered 
by the fact that the number of methods available for the isolation 
of these substances is very small. Among the derivatives of 
glucosamine which have been proposed for this purpose, one 
could mention the compounds obtained on condensation of 
glucosamine with phenyl isocyanate (1) and naphthyl isocyanate 
(2), the Schiff bases obtained withesalicylaldehyde (3) or anisal- 
dehyde (4), the carbamino compound resulting from treatment of 
glucosamine with carbon dioxide and barium hydroxide (5), 
and the glucosamine salt of sozoiodolic acid (6). While most of 
these methods seem to give adequate results when applied to pure 
glucosamine, their use for the isolation of amino sugars from a 
mixture containing, for instance, simple sugars and amino acids 
is unattractive, as some of the reagents used are not easily re- 
moved from the reaction mixture or may react with other sub- 
stances present as well. Therefore, the method still most widely 
used, when amino sugars are to be isolated from a hydrolysate, 
consists in decomposing the simple sugars present by means of 
strong hydrochloric acid, whereupon an attempt is made to 
isolate the amino sugar hydrochloride. This procedure obvi- 
ously cannot be used when small amounts of material only are 
available for a total analysis. 

The fact that amino sugars apparently occur in a number of 
substances of great biological importance, as, for example, in 
certain bacterial antigens or haptens, in the specific blood group 


* This work was aided by a grant from the Carnegie Corporation of 
New York. 
t Columbia University Fellow, 1936-37. 


421 























422 Isolation of Glucosamine 


substances, in heparin, ete., prompted us to develop a procedure 
for the separation of glucosamine from simple sugars and amino 
acids. 

The method consists principally in treating the mixture contain- 
ing amino sugars, simple sugars, or amino acids in sodium bicar- 
bonate solution with carbobenzoxy chloride, CsHsCH:OCOCI, 
according to the method of Bergmann and Zervas (7). Under 
these conditions only the free amino groups react with the 
reagent. Carbobenzoxy glucosamine 


CH,OH-(CHOH)3- i CHO 
CO-OCH2(CsHs 


precipitates in crystalline form. The amino sugar may be 
regenerated from this compound by treatment with palladium and 
hydrogen (7). The amino acids are obtained as carbobenzoxy 
compounds on acidification of the filtrate, and the simple sugars 
are subsequently isolated as hydrazones or osazones in the usual 
manner. 

The present paper describes the properties of carbobenzoxy 
glucosamine and gives an example for the separation of a mixture 
containing glucosamine, mannose, galactose, and glucose into the 
individual components. The separation of glucosamine and 
glycine also is described. The application of this method to 
material of natural origin will be reported later. 


EXPERIMENTAL 


Carbobenzoxy Glucosamine—To a solution of 5.38 gm. of glu- 
cosamine hydrochloride (0.025 mole) in 25 cc. of water, 5.25 gm. 
of sodium bicarbonate were added, followed by 6.2 gm. of carbo- 
benzoxy chloride in five portions, with shaking, during the course 
of an hour. After a few minutes clusters of fine needles started 
to separate. The mixture was kept in the refrigerator for a few 
hours, 25 ec. of chloroform were added to the white paste formed, 
and the precipitate was filtered off, washed with chloroform, and 
dried. It weighed 7.73 gm. (99 per cent of the theoretical yield). 
On recrystallization from 30 per cent methyl alcohol white lancet- 
shaped needles were obtained which melted with decomposition 
at 214° (corrected). The substance is dextrorotatory and shows 
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marked mutarotation with a final [a]? = +75.4° (in pyridine). 
It reduces Fehling’s solution and gives a negative ninhydrin 
reaction. It is soluble in glacial acetic acid and pyridine, in hot 
alcohol, and hot acetone, very slightly soluble in hot water; in- 
soluble in benzene, chloroform, ethyl acetate. At 25°, 0.57 gm. 
of the compound is soluble in 100 cc. of water. 


Analysis—C,,H,,0O.N. Calculated. C 53.6, H 6.1, N45 
313.1 Found. “* 53.7, “* 6.2, “ 4.5 


Rotation—A 3.42 per cent solution in dry pyridine gave [a]**, 
initial = +62.8°; after 18 hours = +72.4°; after 24 hours = 
+75.4°. The unchanged compound could be recovered from the 
pyridine solution. 

Carbobenzoxy glucosamine on treatment with palladium and 
hydrogen (7) gives glucosamine in almost quantitative yield, as 
shown in the following experiment. From 1.3 gm. of glucosamine 
hydrochloride dissolved in 5 ce. of water, the carbobenzoxy deriva- 
tive was prepared as above. The crude product was suspended 
in 35 ec. of 2 N hydrochloric acid and decomposed with hydrogen 
in the presence of the palladium catalyst for 6 hours. By warm- 
ing the reaction mixture to 40° the decomposition is speeded 
up. The filtered solution was concentrated in vacuo and the 
residue crystallized from water containing a little aleohol. In 
the first crystallization 0.67 gm. of pure glucosamine hydrochloride 
and from the mother liquors 0.54 gm. of the same material were 
obtained. The total yield of 1.21 gm. corresponds to 93 per cent 
of the glucosamine hydrochloride used. 


Analysis—C,H,;0,;N-HCl. Calculated. C 33.4, H 6.6, N 6.5 
215.6 Found. ** 33.4, “* 6.7, “ 6.2 


Rotation—1.4 per cent aqueous solution; [a]® (initial) = +89.7°; 
[a]? (at equilibrium) = +71.0°. 

Separation of Mixture of Glucosamine and Simple Sugars. Pre- 
liminary Experiments—Before using carbobenzoxy glucosamine 
for the isolation of glucosamine it was necessary to ascertain that 
simple sugars were not attacked by carbobenzoxy chloride. This 
was done in two sets of experiments. First, experiments were 
undertaken on the behavior of sugars when treated with carbo- 
benzoxy chloride under the conditions outlined above. The fol- 
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lowing substances were examined: J-arabinose, d-ribose, d-xylose, 
d-glucose, d-mannose, d-galactose, d-fructose, glucuronogalactoge 
from gum arabic (8).! With none of these compounds was an 
insoluble reaction product obtained. 

It then had to be determined whether carbohydrates could 
be recovered unchanged after treatment with carbobenzoxy 
chloride. A solution of 1.0 gm. of d-mannose in 10 cc. of water 
was shaken with 1.9 gm. of carbobenzoxy chloride in the presence 
of 0.95 gm. of sodium bicarbonate for 1 hour. The mixture was 
extracted with chloroform in order to remove the carbobenzoxy 
chloride. On addition of phenylhydrazine to the aqueous solu- 
tion which had been slightly acidified with acetic acid, 1.35 gm. 
of almost pure mannose phenylhydrazone were obtained (corre- 
sponding to 0.90 gm. of mannose) which, recrystallized from 60 
per cent alcohol, melted at 201° (corrected). The melting point 
was not depressed on the admixture of an authentic sample of 
mannose phenylhydrazone. This experiment showed that man- 
nose was not attacked by carbobenzoxy chloride under the 
conditions used. 

Experiments were also carried out to show whether a large 
excess of sugars had a masking effect on the precipitation of carbo- 
benzoxy glucosamine. This does not seem to be the case. For 
instance, from a mixture of 400 mg. of glucose and 20 mg. of 
glucosamine hydrochloride in 1 cc. of water, 22 mg. of the carbo- 
benzoxy compound could be isolated. 

Separation—A mixture of 2.0 gm. of d-galactose, 2.0 gm. of 
d-glucose, 1.0 gm. of d-mannose, and 1.3 gm. of glucosamine 
hydrochloride was dissolved in 10 cc. of water; 1.5 gm. of sodium 
bicarbonate and 2.0 gm. of carbobenzoxy chloride (in two por- 
tions) were added, and the mixture was shaken for 40 minutes. 
After chilling in the refrigerator, the precipitate which had formed 
was centrifuged off and thoroughly washed with ice water. It 
then was suspended in 45 cc. of 2 N hydrochloric acid, treated 
with hydrogen in the presence of the palladium catalyst for 6 
hours, and the glucosamine hydrochloride was isolated as described 
above. The first crop of crystals weighed 0.59 gm. From the 
mother liquors 0.45 gm. was obtained; yield, 80 per cent of the 
glucosamine hydrochloride present. 


1 We are indebted to Dr. M. Heidelberger for a sample of this compound. 
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Analysis—C.H,,0,N -HCl (215.6). Calculated, N 6.5; found, N 6.3 


Rotation—1.5 per cent aqueous solution, [a]®, at equilibrium = 

71.2°. 
Tie aqueous solution containing the sugars was acidified with 
acetic acid, extracted with chloroform, and diluted to a volume of 
30 cc. On addition of 2 gm. of freshly distilled phenylhydrazine 
in 1 ec. of alcohol, 1.2 gm. of mannose phenylhydrazone (corre- 
sponding to 0.83 gm. of mannose) crystallized, which after re- 
crystallization from 60 per cent alcohol melted with decomposi- 
tion at 200° (corrected). 


Analysis—C 2H,sO,N. (270.1). Calculated, N 10.4; found, N 10.4 


The filtrate from the phenylhydrazone was treated with benzal- 
dehyde in the usual manner (9), concentrated, and divided into 
two equal portions. From one portion d-galactose-a-methyl- 
phenylhydrazone (0.61 gm.) was prepared, which after two re- 
erystallizations from 30 per cent alcohol was obtained in the form 
of shining plates melting with decomposition at 194° (corrected). 


Analysis—C,;H29OsN, (284.2). Calculated, N 9.8; found, N 9.5 


From the other portion of the sugar solution d-galactose-o- 
tolylhydrazone (0.40 gm.) was prepared; it separated in long needles 
(from 96 per cent alcohol) melting with decomposition at 180° 
(corrected). 


Analysis—C,;H29O3N2 (284.2). Calculated, N 9.8; found, N 9.6 


The combined filtrates from the galactose hydrazones were 
treated with formaldehyde according to the method of Ruff and 
Ollendorff (10). Glucose phenylosazone was prepared in the usual 
manner. After repeated extraction of the crude osazone with 
hot acetone 0.66 gm. of yellow needles were obtained, which after 
two crystallizations from 90 per cent alcohol melted at 206° 
(corrected). 

Separation of Glucosamine and Glycine—A. solution of 1.0 gm. 
of glucosamine hydrochloride and 1.0 gm. of glycine in 10 ce. of 
water was exactly neutralized with N sodium hydroxide, and 1.8 
gm. of sodium bicarbonate and 3.5 gm. of carbobenzoxy chloride 
(in three portions) were added. Because of foaming the mixture 
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was diluted with water to 50 cc., shaken for 3 hour, and chillej 
in the refrigerator. Almost pure carbobenzory glucosamine haj 
precipitated (0.884 gm.), melting at 211-213° (corrected). The 
filtrate was acidified with hydrochloric acid, when 1.93 gm. ¢ 
carbobenzory glycine (7) precipitated, melting at 117—-119°. The 
acid filtrate was concentrated at room temperature and made 
slightly alkaline. A second crop of carbobenzoxy glucosamine 
was thereby obtained, weighing 0.248 gm. The yields obtained 
correspond to 78 per cent of the glucosamine hydrochloride ang 
to 70 per cent of the glycine taken. 


The microanalyses reported in this paper were carried out by 
Mr. W. Saschek. 


SUMMARY 


The preparation and properties of carbobenzoxy glucosamine 
are described. By means of this derivative glucosamine can be 
separated from mixtures containing simple sugars and amino 
acids. 
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LACTATE AND PYRUVATE IN BLOOD AND URINE 
AFTER EXERCISE 


By R. E. JOHNSON anv H. T. EDWARDS 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, January 28, 1937) 


The changing lactate content of body fluids is a classical problem 
in the physiology of muscular exercise (1). Interpretation of 
results from whole animals has usually been in terms of what is 
known about glycolysis in isolated tissues and in enzyme prepara- 
tions. The analysis of anaerobic glycolysis in muscle has pro- 
ceeded a long way since 1932 (22, 23), and the current schemes 
suggest that, if the source of the excess lactate found in the body 
after muscular exercise is the musculature, the concentrations of 
lactate and various other substances in the body after exercise 
should vary together. In the opinion of most workers pyruvate 
is the immediate precursor of lactate in muscle glycolysis. We 
have, therefore, estimated lactate and pyruvate in the blood and 
urine after severe exercise. 

Our three subjects were healthy young men in moderately good 
athletic training. We drew a sample of the subject’s blood from 
an antecubital vein without stasis, and took a sample of urine, 
before he ran. After he had run to exhaustion on a motor-driven 
treadmill at an 8.6 per cent grade, he lay quietly on a bed. Sam- 
ples of blood were drawn at the stated intervals from an antecubi- 
tal vein, and the subject urinated at the times noted. The first 
subject ran at 311 meters per minute for 55 seconds, the second at 
233 meters per minute for 80 seconds, and the third at 311 meters 
per minute for 56 seconds. 

Lactate analyses were made by the method of Friedemann, 
Cotonio, and Shaffer (11). The urine was prepared for analysis 
by treatment with copper-lime. The blood filtrates were not, 
because we have confirmed the statement of Cook and Hurst (5) 
that its use is unnecessary with tungstate filtrates from blood. 
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We used Peters and Thompson’s (24) modification of the Ney. 
berg-Case method for pyruvate estimations. This is a colon. 
metric estimation of the pyruvate as the 2 , 4-dinitrophenylhy. 
drazone. 

Table I gives the results in two experiments and Fig. 1 those 
in a third. All three experiments showed the same features 
The lactate and pyruvate recovery curves for blood had similar 


Tasie | 
Lactate and Pyruvate in Blood and Urine 


The values for blood are measured in mm per liter; the values for urine 
are the total output for stated periods in mM. 
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Blood Urine 
| eT ye Te tia 7 ate ae 
: Pyru-| Lactate Pyru- | Lactate 
Time tate i ny | Poravass| Period Lactate) “ite ——- 
Experiment I 
Before run 2.2 | 0.18 | 12 | Before run, (01 | 0.006] 17 
After ‘“ | 60 min. | 
5 min. 12.1 | 0.33 | 37 =| After run 
16 “ 11.7/ 0.60! 20 | O22min. | 6.1 |0.01| 610 
6 91/041; 22 | o60 “ | 7.7 10.04] 193 
40 “ 5.1 | 0.27 | 19 | | 
Experiment II 
Before run 0.8 | 0.11 7 Before run, | 0.1 | 0.02 | 5 
After ‘“ 70 min. 
5 min. 7.3 | 0.29 25 After run | 
5 7.3} 0.36 | 20 0-10 min. | 0.9 | 0.04] 23 
_ 5.2 | 0.26 20 045 * 7.0 0.14 | 50 
— 0.22 0-90 ‘* 7.6 | 0.18 42 
55“ 2.6 | 

















shapes, though pyruvate was present in much smaller amounts 
than lactate. The ratio of mm of lactate to mm of pyruvate 
ranged from 7 to 44. In our three subjects the pyruvate maxi- 
mum came later than the lactate, but both curves fell off in the 
same way. The shapes of the curves for urine were remarkably 
similar. Excretion of both lactate and pyruvate was complete in 
about 40 minutes. Here again the amount of pyruvate in relation 
to lactate was very small. 
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Spiro (31) showed that lactate is excreted in the urine after exer- 
cise. This has been confirmed many times (3, 4, 8, 9, 12, 13, 16-18, 
27, 28, 30). Liljestrand and Wilson (17) have made the most 
complete study of urinary lactate excretion. They obtained 
samples of urine every 10 minutes from their subjects and con- 
structed a complete curve for rates of excretion during recovery. 
They were also the first actually to isolate the lactate from urine 
after exercise, and to show that it is -(+-)-lactate. Jervell (13) 
studied lactate excretion in relation to its blood concentration. 
We confirm the conclusions of these earlier workers, that excretion 
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Fig. 1. The relation between lactate and pyruvate in blood and urine 
after hard running. 


of lactate is complete about 40 minutes after work stops, and that 
increased blood lactate is followed by increased lactate excretion. 

There was some doubt that the substance we estimated was 
actually pyruvate. Acetic acid 2,4-dinitrophenylhydrazide (6), 
and the 2 ,4-dinitrophenylhydrazones of such acids as oxaloacetic, 
glyoxylic, and mesoxalic would, if present, increase the value for 
pyruvate. Therefore, we prepared pyruvic acid 2,4-dinitrophe- 
nylhydrazone from 1 liter of urine and 400 cc. of blood collected 
from four subjects after they had run to exhaustion. We used 
the technique that Johnson (14) used for pigeon blood. It 
worked well for the blood, but we had to purify the urine hydra- 
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zone further by solution in toluene, precipitation from toluene 
with petroleum ether, and recrystallization from ethyl acetate 
with petroleum ether (Table II). 

The yields suggest that most of the substance estimated by the 
Neuberg-Case method under our conditions is in fact pyruvic acid 
or some unstable precursor. 

Fricke (10) failed to isolate pyruvate from the blood and urine 
of normal and diabetic humans, and Simon and Aubel (29) could 
not isolate it from dog blood. Berthelot and Amoureux (2) re- 
ported its presence in the human small intestine. Mendel, 
Bauch, and Strelitz (21) used a very indirect method to demon- 


TABLE II 


Properties of Pyruvic Acid 2,4-Dinitrophenylhydrazone Prepared 
from Various Sources 








Source Amount on Mp. | —} Nitrogen* 
mg. <. *C. per cent 
RS Ca avin Gal w cic wd ewwinacews 30 216 216 20 .80 
DN siibcwiesedeeeceean ds 11 215-216 216 20.48 
cals deienss ¥ paaden* 216 20.55 
Nt clus ake made ons cetiea'n’s 20 .88 

















* The analyses were made by Mrs. Wellwood of the Converse Laboratory, 
Cambridge. It is sometimes difficult to get off the last traces of nitrogen 
from 2,4-dinitrophenylhydrazones by the micro-Dumas method. We have 
repeatedly analyzed this sample of synthetic hydrazone ourselves with 
theoretical results. 


strate it in the serum of cancerous humans. It has been isolated 
as the 2, 4-dinitrophenylhydrazone from the urine of compensated 
diabetics (25), from pig serum (32), from the blood of pigeons 
deficient in vitamin B, (14), and from the urine of humans with 
beriberi (26). We (15) have reported it in the urine of normal 
humans after exercise. 

If we assume for both lactate and pyruvate the conditions of 
diffusion that Margaria, Edwards, and Dill (20) described for 
lactate, then the total excretion of excess lactate and pyruvate 
accounts for about 2 per cent of the total excess that the body has 
to dissipate after hard exercise for a short time. 

We looked for but did not find methylglyoxal 2 , 4-dinitrophenyl- 
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osazone in any of our estimations. Either methylglyoxal is 
formed during exercise in the tissues but does not reach the blood 
stream, or else it is not formed at all. We interpret our data as 
support for the Embden-Meyerhof scheme for muscle glycolysis, 
although we realize that the excess pyruvate might be an oxida- 
tion product of excess lactate by the liver or some other tissue 
(19), or might be associated with the rise in blood sugar which 
follows hard exercise (7). The curves are, however, consistent 
with the hypotheses that during or immediately after hard exer- 
cise, glycolysis takes place in the muscles according to the Emb- 
den-Meyerhof scheme; that lactate and at least one of its pre- 
cursors, pyruvate, are formed in such excess that they appear in 
amounts greater than the resting value in the blood stream; and 
that they are removed in similar ways. 


SUMMARY 


1. The lactate and pyruvate recovery curves for blood and urine 
in young men after hard running are similar in shape, but in any 
sample of blood or urine, pyruvate is present in much smaller 
amounts than lactate. 

2. Pyruvic acid from blood and urine collected after running has 
been isolated as the 2,4-dinitrophenylhydrazone. 

3. These facts seem to support the validity of the Embden- 
Meyerhof scheme for muscle glycolysis in vivo. 
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SOME WAX-LIKE CONSTITUENTS FROM EXPRESSED OIL 
FROM THE PEEL OF FLORIDA GRAPEFRUIT, 
CITRUS GRANDIS* 


By K. 8. MARKLEY, E. K. NELSON, anp MILDRED 8. SHERMAN 


(From the Food Research Division and Fertilizer Investigations, Bureau of 
Chemistry and Soils, United States Department of Agriculture, Washington) 


(Received for publication, January 8, 1937) 


Nelson and Mottern (1) examined the volatile constituents of 
grapefruit oil obtained by cold pressing the peel of Florida Com- 
mon and Duncan type grapefruit, Citrus grandis, L., Osbeck.' 
The oil was distilled under reduced pressure to remove the bulk of 
the limonene fraction and then distilled with steam to remove the 
volatile constituents. The non-volatile residue remaining after 
distillation was of a wax-like consistency and represented 7.5 
per cent of the original oil. The results of an examination of this 
fraction, which are reported in the present paper, would seem to 
indicate that the non-terpenoid constituents were derived from 
the cuticle wax through solution in the oil during the expressing 
process. 


EXPERIMENTAL 


The residue obtained on distillation of the grapefruit peel oil 
was a yellowish green, somewhat sticky wax at ordinary tempera- 
tures, while at 45-50° it melted to a brownish, viscous oil. Ex- 
traction with petroleum ether yielded approximately 62 per cent 
of soluble material together with a gummy residue of polymerized 
and oxidized terpene bodies which was discarded. The residue 
obtained on evaporation of the petroleum ether had an iodine 
number (Hanus) of 127.8 and a neutralization value of 14.3. A 


* Food Research Division Contribution No. 312. 

1 Nelson and Mottern neglected to mention the botanical name of the 
grapefruit in their paper on the constituents of the oil, and subsequently 
the work was described (2) under the heading Citrus decumana, a synonym 
of Citrus grandis. 
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portion (154 gm.) of this material was saponified with potassium 
hydroxide in benzene-alcohol (1:10) solution and the unsaponi- 
fiable material separated from the aqueous solution of soluble 
soaps by extraction with ether. The soap solution was acidified 
and extracted with ether to remove the acidic constituents. The 
unsaponifiable fraction amounted to 65 gm., equivalent to 42.2 
per cent of the petroleum ether-soluble portion or 26.1 per cent of 
the original wax; whereas the acid fraction weighed 69 gm., 
equivalent to 44.8 per cent of the petroleum ether-soluble portion 
or 27.7 per cent of the original wax. The aqueous filtrates and 
washings were examined for glycerol but, owing to the presence of 
interfering oily products, its presence could not be demonstrated 
with certainty. 

Solid Fatty Acids—The crude acids (69 gm.) were separated into 
liquid and solid fractions by the lead salt-ether method. The 
acids (4 gm.) derived from the insoluble lead salts were fractionally 
crystallized from acetone-alcohol solution and then from ethyl 
acetate. The main fraction melted at 84.0—-84.5° and the com- 
bined lower fractions (0.5 gm.) melted indefinitely at about 60°. 
The higher melting fraction was converted into the corresponding 
ethyl ester and repeatedly crystallized from ethyl acetate. The 
ester melted at 69.2° and gave on analysis C 80.43, H 13.45. 
Calculated for C3,H¢sO02, C 80.23, H 13.48. With Cu Ka radiation 
and 8 Al,O; as a reference the observed x-ray spacing? was 45.30 + 
0.30 A. 

The acid recovered from the ester after saponification melted 
at 87.7-87.9° and gave a spacing value of 78.60 + 0.30 A. The 
molecular weight by titration was found to be 477.8 and analysis 
gave C 79.76, H 13.11. Calculated for Cs,HgO2, mol. wt. 480.5, 

> 79.92, H 13.42. 

The molecular weight of the acid and the analytical values for 
the acid and the ester agree with the calculated values for dotria- 
contanoic acid, CyH»O2, but the enhanced spacing of the acid 
and especially the ester, as well as the depressed melting points, 
indicate definitely that the acid is a mixture. Comparison of 
the values found for the acid from grapefruit with similar values 


? Measurements of crystal spacings reported throughout this paper 
were kindly made by Dr. Sterling B. Hendricks, Fertilizer Investigations, 
Bureau of Chemistry and Soils. 
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recorded by Piper, Chibnall, and Williams (3) for synthetic acids 
and their mixtures indicates that the grapefruit acid is in all prob- 
ability a ternary mixture of mean molecular weight corresponding 
to CxxHeOr. 

liquid Fatty Acids—Normally the ether-soluble product re- 
covered in the lead salt-ether separation of the solid and liquid 
acids derived from plant cuticle waxes is found to consist of various 
mixtures of mono-, di-, and triethenoid acids. After conversion 
into the corresponding bromo derivatives the separation and 
identification of the constituents of these mixtures usually present 
no particular difficulty. However, in the case of the grapefruit 
wax difficulty was encountered owing to the fact, as will be de- 
veloped later, that the fraction contained besides C;s-unsaturated 
acids, considerable amounts of terpene and terpene alteration 
products. 

Linolenic Acid—The crude liquid acid fraction (57 gm.) was dis- 
solved in ether, cooled to — 10°, and brominated according to the 
method described by Lewkowitsch (4). Crystalline bromides 
which began separating during the bromination were collected on a 
filter, washed with ether, and recrystallized from benzene. The 
product (7 gm.) melted at 181—182° and gave on analysis C 29.72, 
H 3.26, Br 60.09. Since analysis indicated the possible presence 
of some tetrabromostearic acid, the product was repeatedly ex- 
tracted with boiling ether, but no change in analysis or melting 
point was effected by this treatment. Purification was finally 
accomplished by fractional crystallization from alcohol-benzene 
solution whereby a quantity of unidentified solid (m. p. 188—189°) 
was separated from the hexabromolinolenic acid. Analysis of 
the purified product gave C 28.46, H 3.93, Br 63.15. Hexabromo- 
linolenic acid C,sH3o02Bre, requires C 28.51, H 3.99, Br 63.28. 

Linoleic Acid—The ether solution after the removal of the hexa- 
bromides was freed of excess bromine and evaporated in vacuo. 
The residue was extracted with boiling petroleum ether and the 
solution set aside to permit the separation of the tetrabromides. 
The crystalline solids (10.5 gm.) which separated were collected 
by filtration and twice crystallized from petroleum ether con- 
taining a small amount of ether. The bromo derivative was 
obtained in the form of rosettes of needles melting at 113.5- 
114.5° and gave on analysis C 35.98, H 5.52, Br 53.46. Tetra- 
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bromostearic acid, C:sHO2Br;, requires C 36.00, H 5.38, Br 
53.28. 

Oleic Acid—After removal of the tetrabromides the petroleum 
ether filtrate was evaporated and the residue (43.5 gm.) debromi- 
nated with zine dust in alcohol solution. Examination of the 
product recovered after debromination indicated that it consisted 
of a mixture of oleic acid together with a considerable amount of 
polymerized terpenoid bodies. The iodine number (Hanus) was 
abnormally low (18.1 compared to 90 for oleic acid) and dihy- 
droxystearic acid could not be isolated from the mixture after 
oxidation with potassium permanganate. 

Since it was not feasible to separate oleic acid from the de- 
brominated mixture, a quantity (14.5 gm.) of crude mixed acids 
was methylated with 5 per cent hydrochloric acid in methanol. 
After removal of the bulk of the solid esters by chilling and filtering 
from a methanol solution, the liquid portion (12 gm.) was trans- 
ferred to a molecular still (5) and fractionally distilled at a pressure 
of 0.3 wu. During the period of degassing and the early stages of 
distillation 5 gm. (approximately 40 per cent) of the charge 
collected in the liquid air trap. It consisted of a red oil of charac- 
: teristic terpenic odor. Four ester fractions, representing 6.5 gm. 
or approximately 54 per cent. of the still charge were collected 
between 80-95°. The first fraction, iodine number 93.5, con- 
sisted of nearly pure methyl oleate, iodine number 85.7. Fraction 
2 (iodine number 111.6) consisted of methyl oleate together with 
an appreciable quantity of methyl linoleate. Fractions 3 and 4 
(iodine numbers 143.5 and 148.6) consisted principally of methyl 
linoleate, iodine number 172.5. About 0.5 gm. of material 
remained in the still after the removal of the fractions mentioned 
above, but further distillation proved to be impracticable. 

Unsaponifiable Fraction—The yellowish red, semisolid material 
representing the unsaponifiable fraction (65 gm.) was dissolved 
in hot alcohol and the solids which separated on cooling were 
. removed by filtration. The filtrate was concentrated and the 
1! solid fraction separated in the same manner. By repetition of 
the process there were collected altogether 14.5 gm. of solids and 
a residue consisting of a red aromatic oil. The solid portion was 
fractionally crystallized from alcohol, whereby three fractions 
were obtained as follows: Fraction A, 1.5 gm. of white crystalline 
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material, difficultly soluble in alcohol, and melting at 240—245°; 


Fraction B, 2 gm. of amorphous solid, melting at 60-65°; Fraction. 


C, 11 gm. of amorphous solid, melting at about 115°. 

Ketone, C30HsCO—The material representing Fraction A was 
repeatedly crystallized from amyl alcohol-amyl acetate solution, 
from which it was finally obtained in the form of long, satiny 
needles, melting at 253-254°, and having a specific rotation, 
[a]? = —20.1° and —21.3°. The results of combustion indi- 
cated the presence of 1 oxygen atom, but tests for the pres- 
ence of hydroxyl and alkoxyl were negative. The compound, 
however, gave a positive test for the presence of a carbonyl group 
and it was therefore assumed to be a ketone. A portion of the 
compound was suspended in absolute alcohol, an excess of hy- 
droxylamine hydrochloride and sodium hydroxide added, and the 
mixture refluxed for several hours. After recrystallization from 
amyl acetate, the recovered reaction product melted at 281—282°. 
The ketoxime after drying at 110° gave on analysis C 81.67, 
H 11.56, N (Dumas) 3.43. Calculated for CypHyC:NOH, C 
81.68, H 11.73, N 3.08. Analysis of the original ketone gave C 
84.48, 84.41, H 11.91, 11.90. Calculated for Cyp9H»CO, C 84.47, 
H 11.90. 

A Cso skeleton and a melting point above 250° indicate that 
the ketone is a member of the class of polyterpenoids which are 
referred to as sapogenins. The most commonly occurring fruit 
coat sapogenins are acids, principally ursolic and oleanolic, rather 
than ketones. This is the first instance in which we have en- 
countered a ketonic sapogenin. 

Hydrocarbons, C29H¢g. and C3,He—The material representing 
Fraction B (m. p. about 60°) was treated with concentrated 
sulfuric acid at 110—-120° until addition of fresh acid to the re- 
covered product no longer resulted in discoloration. The oxygen- 
free product was then fractionated from petroleum ether-acetone 
solution, whereupon there were obtained three main fractions and 
five additional ones derived from mother liquors. 

The melting points, setting points, crystal spacings, and in some 
eases carbon and hydrogen values for the various fractions are 
recorded in Table I, together with comparative data for some pure 
synthetic hydrocarbons and their mixtures recorded by Piper, 
Chibnall, and coworkers (6). The transition points, which are not 
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recorded, were either considerably depressed (3-4° for the best 
fractions) or were too indefinite to be valuable as characterizing 
criteria. 

The complex nature of the hydrocarbon mixture derived from 
the grapefruit is evident on comparison of the values for the 
various fractions of the naturally occurring substances with those 
for pure synthetic hydrocarbons and their mixtures. The prin- 
cipal components of the grapefruit hydrocarbon fraction appear 
to be n-nonacosane, C2sH¢o, and n-hentriacontane, CnH«, together 
with variable amounts of lower homologues, and possibly some 
higher member. 














TaB_e I 
Analysis, Thermal, and z-Ray Values for Grapefruit and Synthetic 
Hydrocarbons 
Source —~y Setting ae Cc H 
wv. ~~. A. |per cent|per cent 
Grapefruit, Fraction 1..........| 67.8-68.2) 67.5-67.3) 42.84| 85.29) 14.738 
Synthetic CuHgy................| 67.6-67.8) 67.3 41.55) 85.22) 14.78 
Grapefruit, Fraction 2........... 65.1-65.5) 64.7-64.5) 40.70) 85.40) 14.92 
Synthetic Co+Cu (60:40).......| 64.8-65.0| 64.4 40.9 | 85.20) 14.80 
Grapefruit, Fraction 3..........| 63.9-64.4| 63.2-62.7| 40.32) 85.05) 14.98 
Synthetic Cop+Ca (85:15).. .| 64.0-64.2) 63.5 39.7 | 85.19) 14.81 
Grapefruit, Fraction M1-1..... 62 .7-63 .0) 62.3-62.0) 39.0 | 85.27) 14.85 
“ a M1-2......| 57.3-57.7| 56.9-56.7)| 37 5.04) 14.78 
o " M1-3...... 55.7-55.9) 55.5-55.2) 36.9 
res ” Ml-4...... 55 .5-55.7| 55.2-55.0) 35.9 
vii - MI1-5.... 53 .9-54.2) 53.3-53.1) 35.4 

















Phytosterol, C23H.OH—Since the material representing Fraction 
C gave an intense Liebermann-Burchard sterol reaction, it was 
heated under a reflux for 10 hours with an excess of phthalic 
anhydride and pyridine. The reflux mixture was poured into 
water and the pyridine and excess phthalic anhydride removed. 
The insoluble portion was separated, dissolved in ether, and the 
ether solution shaken with dilute sodium carbonate. The ethereal 
solution, which contained the sodium salts of the secondary alcohol 
phthalates, was washed with water, and the ether removed by 
evaporation. The residue was dissolved in a small amount of 
alcohol (75 ml.) and allowed to stand. Hydrocarbons and 
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ketones, which would have separated at this stage if present, were 
not detected; therefore the phthalyl ester was saponified and the 
regenerated product crystallized from dilute alcohol from which it 
was obtained in the form of plates melting at 132-133°. 

A portion (0.9 gm.) of this material was acetylated with an 
excess of acetic anhydride and the acetyl derivative crystallized 
from 95 per cent alcohol. The main fraction melted at 112.5— 
113.5° and was unchanged by further crystallizations. Analysis 
gave C 81.42, H 11.37. Calculated for CzsHiO-COCH;, C 
81.38, H 11.39. 

One portion (0.37 gm.) of the acetylated product was dissolved 
in ether and brominated dropwise with a solution of bromine in 
glacial acetic acid (1:30). The ether was permitted to evaporate 
spontaneously and the crystalline bromide which separated was 
filtered off and washed with glacial acetic acid. An additional 
quantity of the bromo derivative was recovered from the acetic 
acid mother liquors. Both fractions were crystallized from 
alcohol-ethyl acetate solution, from which the bromoacetyl com- 
pound was obtained in the form of plates and rods melting at 115°. 
Analysis gave C 59.95, H 8.32, Br 26.55. Calculated for 
CesH7Br,0 -COCH;, C 59.78, H 8.37, Br 26.54. 

Another portion of the acetylation product was saponified with 
sodium ethoxide and the regenerated parent substance crystallized 
from alcohol-ether solution. The product melted at 137.5-138.5° 
and had a specific rotation, [a]? = —0.37°, in chloroform solution. 
Analysis gave C 83.72, H 12.17. Calculated for C2sH.OH, C 
83.92, H 12.08. 

The analysis and chemical and physical properties of the sec- 
ondary alcohol isolated from the grapefruit wax correspond to a 
phytosterol, C2sHyOH. The sterol, however, does not corre- 
spond in chemical and physical properties to any completely 
characterized plant sterol of this formula and it is therefore con- 
cluded that the grapefruit product is either a previously un- 
identified phytosterol or a mixture of the commonly occurring 
plant sterols. 

Unsaponifiable Oily Fraction—The reddish colored, viscous 
oil (50 gm.) which remained after removal of the solid portion of 
the unsaponifiable fraction was transferred to a molecular still 
and distilled at 10-* mm. pressure. Distillation began at about 
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125° and continued up to 205°, when heating was discontinued 
owing to the fact that the condensing surface of the still became 
completely coated with a deposit of crystalline material. Approxi- 
mately 35 per cent of the oily fraction distilled under these condi- 
tions. The various fractions collected during the distillation were 
all quite similar in character and consisted of yellow oils, varying 
in density from 0.996 to 1.000. The specific rotation in chloroform 
solution varied from +106° to +123°, whereas the refractive 
indices of the fractions varied from 1.518 to 1.519 and the oxygen 
content approximately 16 per cent. Although no chemical 
entity could be isolated from the oily distillates, it was obvious 
that they consisted of oxygenated terpene bodies. 

Umbelliferone, HO-CysH;-CH :CHCO—The colored crystalline 

re 4 4 
4 
O 

material representing the still-head condensate was removed by dis- 
solving the sublimate in amyl acetate. The solvent was removed 
by evaporation and the residue taken up in acetone, given a char 
treatment, and the solid reprecipitated by the addition of pe- 
troleum ether. The precipitate was filtered off and recrystallized 
from hot water. The product separated in sheaf-like aggregates 
of thin prisms which melted at 232.0-232.2°. The mother liquor, 
as well as fresh aqueous solutions of the crystalline product, gave 
an intense blue fluorescence on the addition of alkalies. The 
compound was somewhat soluble in alcohol, acetone, and amyl 
acetate but was precipitated by the addition of petroleum ether. 
The above reactions are those given by umbelliferone (p-hydroxy- 
coumarin) and its isomers. After several recrystallizations from 
water and drying at 110° analysis gave C 66.83, H 3.87. Cal- 
culated for umbelliferone, CsH,O;, C 66.65, H 3.73. 

Acetyl Umbelliferone, CHyCO-OC;H;CH : CHCO—A portion of 

™~, ad 
be 
O 

the umbelliferone was acetylated by refluxing with acetic an- 
hydride. The acetylated product was recovered and recrystallized 
from dilute alcohol from which it separated in long thin needles 
melting at 142.0-142.2°. After drying at 110° analysis gave C 
64.95, H 4.17. Calculated for acetyl umbelliferone, Cy,HsO,, 


C 64.69, H 3.95. 
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Whether the umbelliferone was present in the original oil or 
was produced as a result of thermal reaction during the distillation 
is not known with certainty, but since no additional quantity could 
be isolated from the gummy residue remaining in the still, it may 
be assumed to have been formed at or near the temperature at 
which it distilled. 

SUMMARY 


The non-volatile, waxy residue remaining after distillation of 
Florida grapefruit peel oil has been examined and the following 
constituents identified: solid fatty acids of mean molecular weight 
corresponding to CsH¢O2; linolenic, linoleic, and oleic acids; a 
sapogenic ketone, CsoHs2CO; hydrocarbons, C2sHeo and Cy;He; a 
phytosterol, C2sH,7OH; and umbelliferone, CsH¢Q;. The nature 
of the constituents comprising the non-volatile residue of grape- 
fruit peel oil indicate that they have their origin in the cuticle 
wax of the fruit which is dissolved by the oil during the pressing 


process. 
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A CONVENIENT METHOD OF DETERMINING SMALL 
AMOUNTS OF AMMONIA AND OTHER BASES 
BY THE USE OF BORIC ACID 


By ALBERT E. SOBEL, HENRY YUSKA, ann JULIUS COHEN 


(From the Division of Biochemistry and the Pediatric Research Laboratory, 
The Jewish Hospital of Brooklyn, New York) 


(Received for publication, November 28, 1936) 


Stover and Sandin (1) proposed the use of boric acid as the acid 
to trap ammonia for Pregl’s micro-Kjeldah] method. Meeker 
and Wagner (2) recommended the use of boric acid following 
Stover and Sandin’s technique in the macro- as well as the micro- 
Kjeldahl procedure. 

We have found three determinations in particular where titra- 
tion of bases in boric acid solution is of advantage: the urea 
aeration method of Van Slyke and Cullen (3), the nitrogen deter- 
minations by the micro-Kjeldahl distillation (4), and the new 
electrometric total base method of Keys (5). 

In the total base method, the basic ions sodium, potassium, 
calcium, magnesium, and ammonium are separated from the 
proteins of blood by dialysis through a cellophane membrane by 
the passage of an electric current. The positive pole is a layer 
of mercury which forms amalgams with the basic ions. Above 
this layer of mercury there are exactly 2.00 cc. of 0.02 n H,SO, 
which liberates the bases from the amalgam. The excess acid 
is then titrated with standard alkali. At this point the procedure 
may be varied to make use of boric acid. Here, approximately 
2.0 cc. of 2 per cent boric acid are measured out (into the cathode 
tube) instead of the standard acid. The basic ions are dialyzed 
and converted into the corresponding borates. The solution then 
is titrated back to the original pH of the boric acid solution with 
0.02 n acid. (The titration back to the original pH of boric 
acid is most easily done by adding indicator to a control tube 
of 2 per cent boric acid and titrating back to that color.) 
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In the urea determination (3) urea is converted into ammonium 
carbonate by urease. One tablet of Squibb’s urease is added to 
1 ce. of serum or plasma and 5 cc. of water. This mixture is 
incubated at 37° for 20 minutes. (These urease tablets contain 
the required amount of phosphate buffers for the optimum ace- 
tivity of urease.) The NH; is liberated by the addition of 5 ce. 
of saturated K,CO; and immediately aerated according to Van 
Slyke and Cullen for 30 minutes, trapped in 15 cc. of boric acid, 
and titrated back to the original pH of the boric acid with 0.01 
N H,SO, or 0.01 nN HCl. For controls 1 cc. of standard solution 
is similarly treated, while in the recovery studies 1 cc. of standard 
is added to 1 cc. of serum and treated as described. 

In the micro-Kjeldahi distillation the same principle may be 
used, boric acid being substituted for standard HCl or H.SO,. 
At this point, we would like to mention an innovation in the 
former nitrogen determination wherein the expensive and time- 
consuming Kjeldahl apparatus is eliminated. The digestion is 
carried out with a digestion mixture of 0.25 gm. of K,SO,, 0.1 
gm. of CuSO,, and 1 ec. of concentrated H,SO, for 0.1 cc. of 
serum. A few particles of selenium metal may be used as a 
catalyst. After the digestion of the nitrogenous materials to 
(NH,)2SO,, instead of transferring to the Kjeldahl! still, we 
found that transferring to the tubes of the Van Slyke-Cullen 
urea apparatus was less time-consuming, eliminated the use of 
the expensive Kjeldahl stills, and was just as accurate. The 
transfer of the digested material is accomplished by three wash- 
ings, totaling about 8 cc. of water. The sample is treated then 
with 6 cc. of 40 per cent sodium hydroxide-thiosulfate reagent. 
The NH; is then aerated, instead of distilled as in the Kjeldahl 
method, trapped in 15 cc. of boric acid, and titrated as before. 
The aeration if vigorous is complete in 30 minutes but for safety’s 
sake 45 minutes are recommended. The aeration is similar to 
the urea aeration of Van Slyke and Cullen (3). This modification 
is especially useful when a large number of samples are to be 
determined. 

In connection with the ammonia titrations we have utilized a 
mixture of methyl red and methylene blue in the following pro- 
portions: 100 cc. of 0.03 per cent methyl red and 15 ce. of 0.1 
per cent methylene blue. Enough of this indicator is added to* 
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boric acid to give a light purplish solution. If the color is too 
blue, add more methyl red. For total base estimation a 0.03 per 
cent solution of methyl red alone was found more satisfactory. 
When the solution is acid, the red of the methyl red plus the 
blue of methylene blue results in a light purple solution. When 
the methyl red is above pH 4.3, the yellow of the methyl red 
plus the blue of methylene blue gives a green solution. The 
change from green to purple on addition of acid in titrating 
back to the original pH of boric acid is very sharp. When methyl 
red is used, there is a sharp change from yellowish brown to pink. 
These indicators may be mixed with the 2 per cent boric acid 
and stored in bottles, since there is very little change on standing. 


Tasie I 
Electrometric Estimation of Total Base with 0.2-Cc. Samples, by Boric Acid 
The values are expressed in milli-equivalents. 

















a Sample 1 ‘Sample 2 ; Sample 3 
Total base present 0.0200 0. 0.0400 
Total base found | 0.0200 0.0302 0.0400 
0.0202 0.0302 0.0400 
| 0.0202 0.0300 0.0402 
0.0198 0.0298 0.0400 
Results 


Typical results for total base, urea, and Kjeldahl nitrogen 
estimations are given in Tables I, II, and III, respectively. The 
results show that the method with boric acid is capable of good 
accuracy. In the biochemical laboratory where large numbers 
of total protein, non-protein nitrogen, albumin, urea, and total 
base determinations are required, the use of boric acid has been 
found to be convenient, time-saving, and reliable. 


Preparation of Standard Solutions 


Total Base—5.2605 gm. of c.p. sodium chloride and 1.3614 gm. 
of c.p. anhydrous monopotassium phosphate were dissolved in 
water and transferred quantitatively to a 1000 cc. volumetric 
flask and made up to mark. This solution contained 100 milli- 
equivalents of base in 1000 cc. of solution. Another standard 
‘was made up similarly, with 8.1830 gm. of sodium chloride and 
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1.3614 gm. of monopotassium phosphate. This solution con. 
tained 150 milli-equivalents of base in 1000 cc. of solution. 

Urea—2.144 gm. of recrystallized urea were dissolved and made 
up to mark with water in a 1000 cc. volumetric flask. 1 ce. of 
this solution contains 1 mg. of urea nitrogen. 


TaBe II 
Urea Nitrogen Estimations with Boric Acid to Receive Ammonia 


In recovery studies, 1 cc. of urea standard was added. For controls 
1 cc. of urea standard was used. 
The values are expressed in mg. 








Urea N Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample5 
Present in 1 cc. serum 1.070 | 0.135 | 0.175 | 0.196 | 2.520 
Calculated 2.070 | 1.1385 | 1.175 | 1.196 | 3.520 
Found 2.060 | 1.127 | 1.175 | 1.190 | 3.516 
Values found in standard so- 

















lutions (1.000 mg. present) | 1.000 | 0.999 | 0.990 | 0.999 | 0.998 





Taste III 
Aeration of Standard Solutions of (NH,4)2SO, with Boric Acid in Receiver 
The values are expressed in mg. 








Sample 1 Sample 2 Sample 3 
| ee 1.000 1.500 2.000 
N found 0.989 1.498 1.998 
0.996 1.487 1.998 
1.010 1.509 1.991 
0.992 1.492 1.990 














Nitrogen—4.7193 gm. of recrystallized ammonium sulfate were 
dissolved and made up to mark with water in a 1000 ec. volumet- 
ric flask. 1 cc. of this solution contains 1 mg. of nitrogen. 
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HEPARIN: A MUCOITIN POLYSULFURIC ACID 


By ERIK JORPES anp SUNE BERGSTROM 


(From the Chemistry Department of the Caroline Institute and the Insulin 
Laboratory of the Vitrum Company, Stockholm, Sweden) 


(Received for publication, November 27, 1936) 


Extensive studies on heparin by Howell resulted in 1928 (1) in 
the conclusion that it is of carbohydrate nature, containing a 
hexuronic acid, probably glucuronic acid. The purest samples 
showed a very high content of ash and from the acid hydrolysate 
crystals of calcium sulfate were obtained. Charles and Scott have 
through their work published in 1933 (2) greatly facilitated the 
preparation of pure heparin in quantity and have shown that it is a 
common tissue constituent. Its carbohydrate nature was con- 
firmed by them, as also by Fischer and Schmitz (3). One of the 
present authors, using the method of Charles and Scott for the 
preparation of pure heparin, was able to show in 1935 (4, 5) that 
protein-free heparin samples contain a hexuronic acid, as found by 
Howell, a hexosamine, and a large amount of ester sulfates. The 
ratio between the two sugar components was 1:1. The known 
constituents together made up about 90 per cent of the heparin, 
which therefore was considered to be a polysulfuric ester of chon- 
droitin or some closely related substance. 

In the meantime much evidence accumulated that one had 
been dealing with pure heparin. First of all the synthetic anti- 
coagulants were found to be polysulfonic acids. Furthermore, 
one of us (6, 7) succeeded in activating ordinary polysaccharides 
such as cellulose, starch, glycogen, pectic acid, chitin, and chon- 
droitinsulfuric acid by introducing sulfate groups with chloro- 
sulfonic acid in pyridine, a principle simultaneously applied suc- 
cessfully by Chargaff, Bancroft, and Stanley-Brown (8). In 
cataphoretic experiments on heparin plasma Theorell, Eisler, and 
Rosdahl (9) found that heparin migrated to the anode, causing 
coagulation on the cathode side of the U-tube. In spite of all 
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the indirect evidence available a complete elucidation of the chemi. 
cal nature of heparin would be more convincing, and the following 
investigation was undertaken with that object. 

Since our first report Lipmann and Fischer (10) and Schmit, 
(11) have claimed that their original preparations of liver heparin 
were free from sulfur. They give, however, no strong supporting 
evidence. Thus, Schmitz was surprised not to find any ash in 
his heparin, but, according to his description, he was working with 
the free acid, which is volatile on ignition. Only the neutral salts 
give a residue of sulfates. Fischer admits that a recently prepared 
heparin from the lungs contains 9.3 per cent sulfur and is identical 
in activity with our samples. Since we show below the chemical 
identity of lung heparin with heparin from liver, further discussion 
of a sulfur-free heparin appears futile. 

Acid Hydrolysis of Heparin—On comparing the rate of hydroly- 
sis of heparin with that of chondroitinsulfuric acid, we found a 
striking difference. On boiling with acids chondroitinsulfuric acid 
readily breaks down to.chondrosine, which then resists further 
heating. On boiling in a water bath with 7.5 per cent (by volume) 
sulfuric acid, the reducing power expressed as glucose (Shaffer- 
Somogyi) after 5 minutes corresponds to 13 per cent and after 1 
hour to 35.6 per cent of the organic substance. When heparin is 
hydrolyzed under the same conditions, the corresponding figures 
are 2.9 and 17.2 per cent. 

The difference was at first believed to be due to differences in 
structure, possibly in the glycosidic linkages. When we found 
that the base of heparin was glucosamine and not galactosamine, it 
was clear that we were dealing with another substance. 

On following the rate of hydrolysis of different heparin samples 
we discovered that the samples recovered from the easily soluble 
brucine salts showed a higher rate of hydrolysis, while those re- 
covered from the insoluble brucine salts with a higher sulfur con- 
tent and stronger heparin activity were more stable. This remark- 
able behavior was studied on the brucine fractions of two 
different samples of liver heparin and on the insoluble fraction of 
heparin obtained from the lungs. The figures found on hydro- 
lyzing the different fractions of one sample of the liver heparin as 
recovered from their brucine salts are given in Table I. The other 
sample behaved similarly. Of the lung heparin only the less 
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soluble brucine fraction was hydrolyzed after removal of the bru- 
cine. Its sulfur content, rate of hydrolysis, and optical activity 
prove its identity with the heparin from the liver. Its effect on 
the time of coagulation was found to be in agreement herewith. 
Generally, however, heparin samples prepared from the lungs 
show a considerably lower activity, the amount of insoluble brucine 
salt obtained being comparatively small and rather difficult to 
jsolate. Once separated, however, it has the properties of the 
corresponding heparin fraction from the liver. 
































TaB.e | 
Rate of Hydrolysis of Heparin Samples Compared with Their Degree of 
Esterification 
Chondroi- | Synthetic 
L . : . ; : hondroi 
| a. | Liver heparin tinowlferie colseginede 
| | acid 
S calculated on basis of dry substance 
a per cent per cent per cent | per cent | per cent per cent per cent 
10.95 | 10.70 6.53 4.49 1.44 10.9 
Hydrolysis at 100° in 7.5% (by volume) H,SO, 
om | 
5 1.89 1.26 3.76 4.65 7.55 13.0 7.4 
10 2.83 2.52 5.30 7.76 | 12.6 20.5 15.4 
20 5.11 2.99} 11.7 14.2 17.7 31.4 24.5 
40 8.65 7.08 | 18.9 23.3 25.3 35.0 27.8 
60 11.80 | 10.22 | 23.2 28.7 30.5 35. 29.8 


























The figures give the reducing power (Shaffer-Somogyi method) expressed 
as glucose in per cent of organic material. 


As is evident from Table I, the more highly esterified heparin 
samples show greater resistance to acid. There is a direct propor- 
tionality between sulfur content and stability, which is most prob- 
ably caused by the introduction of the sulfate groups. 

The fractionation of the brucine salt of heparin was thus useful 
in another way. It had already helped toward an understanding 
of the sulfate linkage in heparin, when samples containing 2.5 
atoms of S to each molecule of uronic acid and hexosamine could 
be divided into fractions corresponding to supposed chondroitin- 
disulfuric and chondroitintrisulfurie acids. Secondly, the greater 
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heparin activity of the samples with the higher sulfur content wag 
a clear indication as to the chemical nature of the active groups 
in heparin. The greater resistance of the stronger heparin prepa- 
rations to acids may explain why the color reaction with naphtho- 
resorcinol and hydrochloric acid is negative (2, 5) or only weakly 
positive (1), a source of confusion in the earlier discussion. Prob- 
ably the necessity of applying a stronger acidity and a higher tem- 
perature in the Tollens-Lefévre analysis than that recommended 
for ordinary glycosides containing hexuronic acid arises from the 
same cause. 

This behavior was also demonstrated on chondroitinsulfurie 
acid itself after introducing three additional sulfate groups, though 
it was less evident here. A sample of the synthetic heparin con- 
taining 10.9 per cent sulfur prepared by Bergstrém (7) from chon- 
droitinsulfuric acid by means of chlorosulfonic acid in pyridine 
was used for the hydrolysis (Table I). 

Fractionation As Brucine Salt—As previously stated (5) the 
purified heparin preparations could be fractionated as brucine 
salts, the fractions obtained showing a different sulfur content and 
an activity varying with the degree of esterification. This finding 
very strongly indicated that heparin was a polysulfuric ester of 
chondroitin or some closely related substance. At that time only 
the insoluble brucine fraction with its greater heparin activity was 
more thoroughly studied. These experiments were accordingly 
repeated and the fractions analyzed. 7 gm. of a heparin prepara- 
tion were electrodialyzed to neutral reaction of the cathode liquor. 
The activity of the material was 60 to 70 per cent of that of the 
standard preparation (cf. (5) Sample 2 of Tables I and II). After 
neutralization with brucine dissolved in methanol, the solution 
(700 ml.) was frozen and thawed repeatedly until clear, and then 
filtered. The mother liquor was concentrated, the brucine re- 
moved with alkali and chloroform, and the heparin precipitated 
with 1.5 volumes of acetone. In 24 hours a sticky mass had sepa- 
rated, which was dissolved in.a little water and reprecipitated with 
8 to 10 volumes of acetone. The yield of air-dried substance 
was 1.67 gm. 

The less soluble brucine salt was dissolved in 700 ml. of boiling 
water, filtered through a hot funnel, and the filtrate cooled and 
frozen, and frozen again if it was not clear on thawing. This pro- 
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cedure was repeated three times with the precipitate. The insolu- 
ble brucine fraction had thus been redissolved in hot water four 
times. The amounts recovered and the composition of the differ- 
ent fractions are given in Table II. 

The Tollens-Lefévre analysis was performed as described earlier 
((5) p. 1823). Analysis of a sample of chondroitinsulfurie acid and 











Taste II 
Heparin Fractions Recovered from Brucine Salis 
Hexos- 
amine 
Per cent of dry (Elson and 
Air- substance Morgan S per 
Substance dried CO, | Uronie method |molecule| Heparin 
recovered from sub- | acid (12)) uronic | activity 
stance acid 
be = | ’ 
- = = les 
Ash 8 N 2 a3 
wk - iach & |O 
per | per per centof 
- cent cent | cent | cent moles sta 


Mother liquor 


Ist 1.67 |14.35) 5.25/83. 94/6.57| 28.95/22. 5/26.8) 1.1:1 | 25- 50 
23.0 
2nd 0.400/27.3 | 8.99)3.05 50 
3rd 0.210/31.6 | 9.83 
4th 0.100/30.9 | 9.93 
5th 0.050 11.33 
Insoluble bru- | 1.464/34.0 |12.03 5.88) 25.90/21.3/23.9) 2.8:1 |120-130 
cine salt 22.8 


Mother liquor 








Ist 0.177|19.7 | 1.44 
2nd 0.360/27.2 | 4.48 
3rd 0.120/21.3 | 6.538 





4th to Sth 0.32030. 1 110.83) 
Insoluble bru- | 0.42034.6 10.68 
cine salt 





























the glucuronogalactose from gum arabic gave the following figures: 
for the former 6.48 per cent CO, (calculated according to the 
N content, 6.63) and for the latter 11.5 per cent (calculated, 11.22). 

In a second experiment performed in a similar way the insoluble 
brucine salt was redissolved eight times. The first mother liquor 
containing the easily soluble brucine salt was concentrated to a 
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volume of 50 ml. before filtration. On removal of the brucine a 
fraction with a very low sulfur content, 1.44 per cent, was obtained, 
The ash and sulfur contents of the fractions recovered after 
removal of the brucine are also shown in Table II. 

In a third experiment, in which the brucine salt was redissolved 
in hot water four times, the brucine was removed by means of cal- 
cium hydroxide, whereby calcium salts were obtained. The salts 
were very hygroscopic. Analyses of the fractions are given in 
Table ITI. 

For comparison a sample of lung heparin was treated in the same 
way. As already stated, only a small amount of insoluble brucine 
salt was obtained. After removal of the brucine the sulfur content 


TasBLe III 


Influence of Degree of Esterification upon Heparin Activity and Optical 
Rotation of Samples of Heparin Fractionated with Brucine 








Air-dr . , 
seaeees ~ recovered a Mois- Ash* s¢ Ne Ca* [a]”* Heparin 








rom stance| *ure activity 

om | 25, | Be | Se | She | Se | deoroee mecoanty 

lst mother liquor 0.57 | 20.0 | 22.7 | 3.44) 5.11 +15 3 
2nd “ - 0.75 | 20.9 | 30.3 6.47) 3.10 +43 40 
3rd to 5th mother | 1.54 | 24.3 | 37.5 | 10.09) 2.42) 10.82) +41 55 


liquors 
Insoluble brucine 4.1 | 25.2 | 36.1 | 12.18) 2.24) 11.04) +66 135 


salt 





























* Calculated on the basis of the dry substance (110° in vacuo). 


of this fraction was 10.95 per cent, calculated on the basis of dry 
substance. It hydrolyzed in the same way (see Table I) and 
showed the same anticoagulating effect as the corresponding frac- 
tion from the liver heparin. [a]?* was +52.2°. Thus its rotatory 
power also corresponded to the degree of esterification (10.95 per 
cent 8). As is seen in Table ITI, [a], for liver heparin with a sulfur 
content of 10.09 was +41°, and for another sample with 12.18 
per cent 8, +66°. It is evident therefore that the heparin of the 
lungs is identical with the product of the liver. We also found 
the hydrochloride of the amino sugar of lung heparin to crystallize 
in tetragonal plates, as is the case with glucosamine hydrochloride. 

Amino Sugar of Heparin—In heparin there is 1 molecule of 
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hexosamine far each molecule of hexuronic acid. This was deter- 
mined on the earliest samples by the micromethod of Elson and 
Morgan (12) and confirmed on later samples. The amino sugar of 
heparin has recently been shown to be glucosamine (13). This 
sugar occurs regardless of the degree of esterification. 

When the high heparin content of the lungs was considered, it 
was at first assumed that the heparin was a polysulfuric ester of 
the chondroitin of the cartilage. It is now evident that heparin 
belongs to the mucoitin group, so that general interest in the 
mucoitinsulfuric acid of Levene will of course be greatly stimulated. 

Acetyl Content of Heparin—According to Firth, Herrmann, and 
Schott (14) the amino sugars in the mucoproteins are monoacety- 
lated, as also is chondroitinsulfuric acid. The same is the case 
with heparin. In the purest samples of heparin the amino group 
is not free. In the Van Slyke procedure no nitrogen is liberated. 
Attempts to determine the acetyl content, however, were not 
successful. Hydrolysis with alkaline methyl alcohol as recom- 
mended by Kuhn and Roth (15) liberated a large excess of acid 
when applied to chondroitinsulfuric acid, as was also found by 
Friedrich and Sternberg (16). On the other hand hydrolysis with 
toluenesulfonic acid, either as recommended by Friedrich and 
Rapoport (17) or after neutralization to 50 per cent as recom- 
mended by Friedrich and Sternberg, does not liberate acetic acid 
from the purest heparin preparations. At first it appeared that 
the acetyl group had been removed through the influence of the 
alkali during the preparation of the substance, but when it was 
found that the amino group was not free and that the highly esteri- 
fied polysaccharide was extremely resistant to acid hydrolysis, it 
was clear that the acetyl group could not be liberated in this way. 
On application of 10 per cent (by volume) sulfuric acid as used 
by Levene and after hydrolysis for 3 hours in a water bath, the 
acid liberated corresponded to about 50 per cent of the calculated 
acetyl content. The yield could not be augmented by increasing 
the temperature or the strength of the acid. Acetic acid was 
identified in the distillate as the silver salt. 

Hexuronic Acid of Heparin—The hexuronic acid of heparin is 
most probably glucuronic acid. Howell has stated that there is 
no formation of mucic acid on oxidation with nitric acid. We 
have found the same. Our attempts to isolate saccharic acid were 
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not successful. The resistance of heparin towards acids will prob- 
ably make the isolation of the uronic acid difficult and costly. 

The existence of the uronic acid is not to be doubted even if the 
naphthoresorcinol reaction is generally negative. We have on one 
occasion found a strongly positive reaction, but generally no violet 
color develops, probably because the stability of heparin prevents 
the liberation of the uronic acid in a few minutes. When more 
drastic hydrolysis is attempted, the uronic acid is destroyed. The 
content of hexuronic acid in the heparin samples is, however, of 
considerable importance, since conclusions can be drawn from it 
as to the purity of the samples. 

The heparin samples of Table III were analyzed by the micro- 
method of Burckhart, Baur, and Link (18) with use of a water 


TaBie IV 
Uronic Acid Content of Heparin Samples of Different Degrees of Esterification 
(See Table III) 





Sample from Sub- CO: CO:cor-| Uronic 




















stance rected acid 
per cont per cent 
mg. mg. of dry | percent| of dry 
substance substance 
, - 2 
2nd mother liquor (0.75 gm.) 125 “ “y 714 | 6.68 | 29.45 
3rd to 5th mother liquors (1.54 gm.) 150 ep 5.77 | 5.4 23. 80 
Insoluble brucine salt (4.1 gm.) 150 | — 5.6 5.24 | 23.10 





cooler as recommended by Meyer and Palmer (19). 100 to 150 mg. 
of heparin were taken for each analysis, giving 6 to 7 mg. of COy. 
This was caught in ascarite in a Pregl tube. The increase in weight 
“without the sample was 0.11 mg. on repeated tests; time of hy- 
drolysis, 4 hours; bath temperature, 135°; concentration of hydro- 
chloric acid, 20 per cent. When the method was applied to two 
samples of chondroitinsulfuric acid, the uronic acid figures were 
7.0 and 5.8 per cent too high as calculated from the nitrogen 
content. While a lower concentration of the acid might have 
given theoretical figures, we preferred this technique because of 
the agreement between analyses of 1 to 2 percent. On calculating 
the uronic acid content of heparin, therefore, we made a reduction 
of 6.5 per cent. The results are shown in Table IV. 
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To the content of uronic acid thus found was added 1 equivalent 
of hexosamine and acetic acid less 2 moles of water. If the ash 
(the first sample) or the content of calcium and sulfur with oxygen 
is added, the analyses account for 90.5, 84.8, and 88.8 per cent of 
the samples. 


DISCUSSION 


The heparin preparations described are polysulfuric esters of 
mucoitin. The analysis accounts for about 90 per cent of the 
preparations. The chemical nature ascribed fits in very closely 
with all that is known about heparin. It is quite resistant to the 
ordinary enzymes and to moderate temperatures. Basic lead 
acetate is the only metal salt to give a precipitate with heparin, 
except barium hydroxide. The first reagent also precipitates 
chondroitinsulfuric acid, but the second did so only after introduc- 
tion of more sulfuric acid groups into the molecule. The insolu- 
bility of heparin in all states of purity in 50 per cent acetone is in 
agreement with this. 

The direct evidence given of the purity of these preparations is 
strongly supported by the activation of ordinary polysaccharides 
by the introduction of sulfuric acid groups, although the synthetic 
products show far less heparin activity than the natural substance. 

The information obtained upon comparing different heparin 
samples also points in the same direction. With an increasing 
sulfur content the activity increases, although a direct propor- 
tionality is not evident, as the preparations with low sulfur content 
show a lower activity than might be expected from their content 
of ester sulfates. 

According to these findings, heparin is not a definite chemical 
compound, but a mucoitin polysulfuric ester. From the sulfur 
content it can be stated that at least a trisulfuric acid is present 
in it, mixed with di- and monosulfuric esters. The latter can be 
separated from the former as easily soluble brucine salts. If the 
mucoitin of heparin should prove to have the same structure as 
cellulose and starch, there would still be a possibility of obtaining 
a tetrasulfuric acid, as indicated at the positions marked z in 
the accompanying structural formula. This could possibly be 
separated from the others by means of cataphoresis. 
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The recent statement made by Charles and Scott (20), that 
they have succeeded in crystallizing a heparin sample from the 
lungs, need not be in disagreement herewith. Their sample con- 
tained 11.5 per cent sulfur calculated on free acid. Since the 
calcium salt reported in Table III contains 12.18 per cent sulfur, 
which makes 13.6 per cent sulfur in the free acid, it is evident 
that our liver heparin represents a higher degree of esterification 
than the crystalline product from the lungs. 

It is quite possible that certain chemical affinities of definite 
groups exert the anticoagulating effect, but as the facts stand it 
seems as if the activity of pure heparin must be due to its extraor- 
dinarily strong ionic charge in combination with a certain, not too 
small, molecular size. 


This investigation was aided by grants from Stiftelsen Therese 
och Johan Anderssons minne of the Caroline Institute, Stockholm. 
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AMMONIA CONTENT, pH, AND CARBON DIOXIDE 
TENSION IN THE INTESTINE OF DOGS* 


By R. C. HERRIN 
(From the Department of Physiology, University of Wisconsin, Madison) 
(Received for publication, November 16, 1936) 


In the course of studies on the chemical changes in intestinal 
obstruction a striking change in the base content of the intestinal 
juice occurred. The concentration of fixed base decreased 5 to 27 
per cent and the ammonia increased to a concentration ranging 
from 72 to 148 mg. per cent (1). Although Bliss (2) had reported 
ammonia in the vomitus of nephrectomized dogs, he seems not 
to have answered the criticism of Benedict and Nash (3) that it 
could have arisen from processes of digestion and putrefaction 
lower in the intestine. The extensive chemical analyses by de 
Beer, Johnston, and Wilson (4) of intestinal juice did not include 
ammonia. The decrease in fixed base of the juice, as mentioned 
above, suggested that the ammonia was produced to conserve 
base, as is the case in the kidney. Accordingly, this report is 
concerned with the effect of acidosis upon the ammonia content 
of the intestinal juice and the effect of various concentrations of 
ammonia upon the acid-base composition of the juice. 


Procedure 


Healthy dogs with Thiry-Vella fistula made in the first portion 
of the jejunum were used. Secretion was stimulated by inflating a 
rubber balloon in the fistulous bowel. Ordinarily, the juice was 
collected in a colostomy bag which was fastened to the dog’s 
abdomen. When it was desired to collect the juice or the contents 
of the fistula without loss of COz, the dog was placed on its back 
and the juice was forced out by intestinal activity into a cup which 
was made by cutting off the open end of a 50 cc. syringe. The 


* This work has been made possible in part by a grant from the Wisconsin 
Alumni Research Foundation. 
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cup which would contain oil was sealed to the abdomen by col- 
lodion and held in place by a belt. This technique was used 
because in Thiry-Vella fistule the bacterial flora are fewer and 
the prompt escape of juice from the fistula minimizes changes in 
concentration due to absorption. 

In most of the studies upon pH and CO, tension of the jejunum, 
because the rate of secretion was too slow to yield sufficient juice 
in many of the dogs, an isotonic NaCl-phosphate buffer of pH 7.0 
was introduced into the upper end of the fistula at such a rate as to 
allow about 18 cc. of contents to escape into the cup within 2 hours, 
This procedure seemed justified in regard to pH determination, 
because the pH of the jejunal contents was practically the same as 
the pH of the succus entericus, although the total CO, and CO, 
tension of the latter were much higher. In these cases, the sample 
of succus entericus for ammonia analysis was collected either before 
or within 2 hours after the buffer had been passed through the 
intestine. The chemical methods used to obtain the data of 
Table I were those previously reported (1). 

The CO, and pH determinations of Table II were made within 
3 hours of collection of the samples, during which time the samples 
were kept in ice water. The CO, analyses were carried out by the 
Van Slyke manometric method (5) and the pH determined by a 
glass electrode. The ammonia analyses were made by the aera- 
tion method, within 2 days of collection. It had been determined 
that within this period there was no increase in the ammonia 
content when toluene was added and the samples kept in the cold 
room. This was true even when urea was added to the succus 
entericus. 


DISCUSSION 


In twenty-six experiments, acidosis was produced in ten dogs. 
The acidosis was produced in four experiments by exclusive fat 
feeding, in three experiments by fasting, and in nineteen experi- 
ments by CaCl, and HCl administration. In some cases the basal 
diet consisted of Purina Dog Chow and in others it was starch and 
butter. The effect of acidosis upon the chemical composition of 
intestinal juice and the corresponding blood serum is shown by 
representative data in Table I. In six of the twenty-six experi- 


1 The Coleman pH electrometer was used. 
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ments the dogs were placed in metabolism cages for continuous 
collection of urine which was analyzed for urea and ammonia. 

Acidosis, regardless of how it was experimentally produced, did 
not result in a permanent increase in the ammonia content of the 
juice. In four dogs there was an immediate decrease in the con- 
centration of ammonia, in one there was no significant change, 
and in two there was an initial increase followed by a decrease. 
When the acidosis was maintained for several days and became 
quite severe, as in Dogs 5, 6, and 7 when they were fed the carbo- 
hydrate diet, the ammonia content rose above normal. This is 
believed to represent a destruction of tissues rather than a physio- 
logical reaction. The failure of the intestinal ammonia to increase 
simultaneously with urinary ammonia in the metabolism experi- 
ments lends support to this idea. In these experiments the total 
urinary ammonia increased on the average 2.1 to 9.3 times or the 
average ammonia to urea ratio increased 8.4 to 37 times, and yet 
the ammonia content of the succus entericus, if it increased at all, 
was less than 20 per cent and was paralleled by an increase in 
urinary urea. 

In all cases the concentration of fixed base in the juice declined. 
The percentage decrease ranged from 6.1 to 32.0, with half of the 
values 14 per cent or more. In no case did there seem to be any 
reciprocal relationship between the concentrations of ammonia 
and fixed base, as one would expect if this ammonia reaction were 
to conserve base. In the case of Dog 5 in the first experiment, 
both fixed base and ammonia decreased, and in Dog 6 on the non- 
protein diet, there seems to be a reciprocal relationship but the 
ammonia content is no greater than normal, whereas the fixed 
base has decreased 32 per cent. It apparently made no difference 
whether acidosis was produced on a diet such as Purina Dog Chow, 
which gave a higher juice ammonia (Dogs 5 and 6), or on a carbo- 
hydrate diet which resulted in a low ammonia content (Dogs 4 and 
7). A reciprocal relationship between the concentrations of fixed 
base and ammonia in the juice was not demonstrated. Although 
normally the concentrations of fixed base in the juice and blood 
serum are about the same, in acidosis (exception, Dog 4) a greater 
reduction in concentration occurred in the juice. This was most 
marked in Dog 6 on the non-protein diet and in Dog 3. 

The extensive studies of Gamble and his associates (6) of acidosis 
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produced experimentally in clinical cases by the ingestion of CaCl, 
or NH,Cl demonstrated the following chemical changes: (1) 


TABLE I 


Effect of Acidosis and Diet upon Concentration of Fixed Base and Ammonia 
in Intestinal Juice of Dogs 








ag Diet 
1 | Purina Dog Chow 


Fat 


2 | Purina Dog Chow 

Fat 

3 | Purina Dog Chow 

Milk, Dog Chow + CaCl, 
4 | Carbohydrate 
" + CaCl, 
Purina Dog Chow 

CaCl, 

Carbohydrate + CaCl, 
Fasting + CaCl, 


*, 
or 


oe 


6 | Purina Dog Chow 
“e ce ae + 
CaCl, 


Carbohydrate + CaCl, 
“e 


" + CaCl, 
8 | Purina Dog Chow 
Non-protein 
Meat 
9 | Purina Dog Chow 
Non-protein 
Meat 

Purina Dog Chow 
Non-protein | 
Meat 





10 








The data are expressed in milli-equivalents per liter. 


Condition 


Normal 
Acidosis 
oe 

Normal 
Acidosis 
Normal 
Acidosis 
Normal 
Acidosis 
Normal 
Acidosis 


““ 
se 


Normal 


Acidosis 
“ce 


“e 


Normal 
Acidosis 
ini 


Normal 


oe 


eet sus] con ci | 
150.5/10.5) 
143.5) 2.3 
140.5) 4.1 
149.4)11.6 
138.1] 3.2 
141.5/13.0 
119.5/10.0) 
163.8 3.1/17.0)126.7 
153.0) 3.3)15.5)101.4 
156 .0)13 .2|22.0)126.7 
152.9/21.0)12.5)121.1 
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9) 8.0)115 
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113.0} 8.0) 7.3)102 
109.0/18.0/14.0) 95 
150.5) 4.1|17.7|121. 
145 0/23 .5)10.7|149 
122.9 3.2)13.5| 90. 
141.6) 8.8/19.2)109 
140.8, 4.7)10.5)104 
1612/25 .3/23 5)124 
157.8) 8.5/16.7/118 
165.0) 5.6/18.1|129 
|151.0/24.4/26.2)126. 
(170.0)10.1)19. 1/132. 4, 
144.5) 0.7)15.3)121.1| 
156.018. 220. 1/123.9) 
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marked reduction in concentration 
practically no change in concentration of plasma fixed base, (3) 


| 22 


Serum 


COs: | 
capac- 
ity | 


21.4/163.1 
19.7|150.1 
19.5/158.2 
20.6)155.1 
17.6|156.2 
18. 4|150.6 
14.8)149.0 
20.0/164.2 
15.1/149.0 
20.1/159.5 





| 10.0/159.5 


13 .2)158.8 
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15.6)150.6 
18.2)155.6 
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151.3 
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144.9 
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21.1158 0 
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greatly increased excretion of fixed base in the urine so that the 

organism had actually lost a great deal of fixed base, and (4) greatly 

increased urine volume, amounting to a diuresis. The changes 

produced in Dogs 1 to 7 of Table I show the following comparison 

with the findings of Gamble. The percentage reduction in serum 

CO, capacity for Dogs 1 to 7 was respectively, 7.9, 14, 19, 24, 44, 

42, and 29. In Dogs 2 and 3 there was no appreciable change in 

concentration of serum fixed base, in Dog 6 there was a 2.7 per cent 

reduction, and in Dogs 1, 4, 5, and 7 the percentage reduction 

ranged from 5.5 to 9.2. Furthermore, it was apparent to gross 

observation that Dogs 1 to 7 had a diuresis during the ingestion of 
fat or CaCl. In similar experiments when the urine was meas- 
ured, the ingestion of CaCl, resulted in a 32 to 100 per cent increase 
in the 24 hour urine volume. The dogs also showed a marked 
reduction in plasma volume during the acidosis, inasmuch as a 
larger blood sample was necessary to secure sufficient serum for 
analysis. Because of these observations and the similarity of 
the changes in the serum CO, capacity and fixed base of Dogs 1 to 
7 in Table I to those reported by Gamble there is no question but 
that these dogs have lost a great deal of fixed base. In fact they 
have lost so much that the mechanism which keeps the concen- 
tration of plasma fixed base rather constant in spite of other 
changes in blood electrolytes (7) has failed in five of the seven 
dogs. It seems perfectly logical to relate the reduction in concen- 
tration of fixed base in the succus entericus of Dogs 1 to 7 to this 
loss of base from the organism. Furthermore, it is of more 
significance that the reduction in fixed base of the juice occurred 
in dogs showing no change as well as small changes in concentration 
of serum base. This indicates either that the intestinal glands can 
lower the concentration of fixed base in the succus entericus in 
times of base deficit or that the rate of absorption of base from 
the intestinal contents has greatly increased, so that the juice as it 
escapes from the fistula is poorer in fixed base. Along with the 
reduction in fixed base there occurred a marked decrease in the 
concentration of chlorine. The tendency of the ratio of Cl to 
fixed base to increase in acidosis might be considered as additional 
evidence that the intestine possesses a mechanism for conserving 
base when there is a base deficiency. This reaction probably 
explains why the concentration of serum base undergoes less reduc- 
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tion than chlorine in intestinal obstruction (1, 8). Furthermore, 
the report of Hoag and Marples (9) that the stool in diarrhea has 
less base in proportion to the acid ions than the normal stool 
suggests another illustration of this base-conserving mechanism of 
the intestine. 

In later experiments it was learned that the protein intake in 
the diet had a marked effect upon the concentration of ammonia 
in the juice. This is strikingly demonstrated in Dogs 8, 9, and 10. 
On a non-protein diet of starch and butter, the juice ammonia 
ranged from 0.7 to 5.6 milli-equivalents per liter and on Purina 
Dog Chow it ranged from 8.5 to 10.1 and on a high meat diet from 
18.2 to 25.3 milli-equivalents per liter. This variation apparently 
occurred independently of any variations in the fixed base of the 
succus entericus or blood serum. The marked reduction in juice 
ammonia which occurred in Dogs 1 and 2 (Table I) was due, 
therefore, to a decrease in dietary protein. 

Hydrogen Ion Concentration of Intestinal Contents—Although 
acidosis did not seem to excite the secretion of ammonia in the 
intestine, it was of some interest to see whether marked changes in 
the metabolism of the intestinal wall, as reflected in varying 
ammonia contents of the fistulous loop, would alter intestinal pH. 

According to a recent review (10) of this problem, there is 
general agreement that the intestine is acid and that the acidity 
progressively decreases upon descending the intestine. Graham 
and Emery (10) fed groups of dogs mixed diets, protein diet, fat 
diet, and carbohydrate diet for 2 weeks, at which time they were 
sacrificed. The contents of various portions of the intestinal tract 
were removed and the pH determined colorimetrically. The pH 
of the upper small intestine below the duodenum ranged from 6.0 
to 6.7 and Graham and Emery concluded that their diets did not 
alter the intestinal pH. Grayzel and Miller (11) fed groups of 
young dogs various types of diets such as normal, high carbo- 
hydrate, high fat, high protein, Mellanby’s rachitogenic, and the 
rachitogenic plus either cod liver oil or ultraviolet irradiation. 
Samples of intestinal contents were taken 4 to 6 hours post- 
prandially. The intestine was acid throughout and no significant 
variation resulted with carbohydrate, fat, or protein diets. The 
average pH range for the jejunum was from 5.8 to 6.59. The 
rachitogenic diet caused a definite rise in the pH of intestinal 
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contents to alkalinity. Ultraviolet irradiation or cod liver oil 
administration caused an acidification of intestinal contents to a 
normal range. Mann and Bollman (12), by means of surgical 
preparations which allowed direct access to various portions of 
the gastrointestinal tract in normal, conscious dogs, studied the 
pH of the intestinal contents, using the quinhydrone electrode. 
In the fasting animal, they found the contents of duodenum, 
jejunum, ileum, and colon to be alkaline, pH 7.0 to 8.0. The 
usual reaction in the small intestine after a meal was pH 6.5 to 
7.5. The acidity of the intestine after a meal seemed to depend 
upon the development of acidin the stomach. De Beer, Johnston, 
and Wilson (4) found that the pH of juice from isolated jejunal 
loops in dogs ranged from 6.3 to 7.28 and in one dog it varied from 
6.55 to 7.82. In a foot-note they state that calculation of CO, 
tension in the case of some of their data yielded values much 
higher than those for blood. Robinson (13) found that solutions 
after passing through Thiry-Vella fistule at various levels in the 
intestinal tract had a pH rather characteristic for that particular 
segment. For the jejunum the pH ranged from 6.2 to 6.7. Karr 
and Abbott (14) intubated the intestine of fasting human subjects. 
The intestinal contents were withdrawn under oil. They found the 
pH highly variable, ranging from 2.64 to 7.80. There was a 
tendency for the contents to become more alkaline lower in the 
intestines, although specimens of pH 4.8 were occasionally re- 
covered even from the ileum. 

In this study 87 pH determinations have been made of either the 
juice secreted by the jejunum or the jejunal contents in nine dogs. 
Representative data are shown in Table II. The contents in- 
cluded the isotonic NaCl-phosphate buffer which had passed 
through the Thiry-Vella fistula and succus entericus secreted in 
response to the mechanical stimulation. No more than one 
determination was made on any one dog in a day, so that the 
studies were spread over a considerable period of time. The 
succus entericus was always acid, the pH ranging from 5.62 to 
6.80. The pH of the contents was approximately that of the 
juice alone. It ranged from 5.1 to 6.7 pH with 53 per cent of the 
values ranging between 6.0 and 6.7. When a hypertonic solution 
was passed through the fistula, the pH was higher, owing pre- 
sumably to a movement of water and BHCO; into the intestine 
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TABLE 


II 


Ammonia Content, pH, and CO, Tension in Jejunum of Dogs 





Dog No. Diet | pH 








| 
10 Biscuit 6.52 
? 6.68 
_ 6.40 
Purina Dog Chow 6.00 
“ce “e oe 5.838 
“ “ “ 5.62 
11* Biscuit 6.1 
ni 6.3 
Purina Dog Chow 5.6 
ae “e “ce 6.6 
cc oe ae 6.52 
Meat 6.80 
= 6.58 
12 Biscuit 6.00 
Purina Dog Chow 5.75 
se “ce se 6.20 
13 Starch and butter 6.60 
“c “ “ce 5 70 
Purina Dog Chow 5.55 
8 Starch and butter 6.55 
ae “ce ae 6.60 
Purina Dog Chow 6.00 
“ce “ce ae 6.70 
“e e “ae 6 35 
14 Biscuit 6.4 
“ 6.7 
Purina Dog Chow 6.1 
ae “ee ae 5.7 
15 Biscuit 6.57 
- 5.95 
Purina Dog Chow 5.70 
“ce “ce ae 5 62 
16 Starch and butter | 6.45 
cc ce “ce 5 95 
Purina Dog Chow | 5.85 
se “ce “ce | > 18 








* All samples were succus entericus. 


> 
~ 
| 





Total CO: | 
| 











| 
| 
| 


ma per l. 
9.14 
15.40 
9.65 
12.87 
6.29 
6.44 
15.73 
9.36 
9.82 
13.13 
14.02 
24.86 
21.14 
10.86 
5.71 
14.49 
15.68 
11.77 
4.52 
13.27 
9.98 
6.38 
4.58 
5.05 
11.25 
7.41 
7.45 
5.21 
12.12 
5.91 
3.72 
6.44 
8.94 | 
9 35 
5.34 
4.86 








Calculated 

CO:z Ammonia 

tension 

mm. Hg | m.-eq.per I. 
84 4.5 
106 7.0 
107 7.1 
238 16.5 
136 15.2 
161 19.5 
261 3.5 
120 3.0 
247 9.5 
104 2.5 
129 17.0 
137 26.4 
154 30.5 
201 2.2 
131 12.5 
213 8.0 
125 2.2 
279 1.6 
117 10.9 
115 3.5 
80 5.0 
118 
30 7.0 
60 30.0 
125 6.0 
49 4.5 
123 11.5 
123 24.7 
101 6.1 
116 6.0 
88 12.0 
161 19.5 
132 5.4 
181 5.4 
11I38 | 410.3 
72 | 11.5 
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from the blood. For example, the pH of the jejunal contents 
with an isotonic buffer was 5.62 and with an 11 per cent NaCl solu- 
tion the resultant pH was 6.15. When the intestine was more 
active as judged by the rate with which the buffer or succus en- 
tericus was propelled through the fistula, the pH of the succus 
entericus or jejunal contents was lower. 

The CO, tension of juice and jejunal contents was calculated 
from the following arrangement of the Henderson-Hasselbalch 
equation 

CO: 
P= 0.0591 a (10PH-PK 4 4) 


The value for a was taken as 0.51 and for pK’ as 6.1. These 
assumptions seem justified inasmuch as the juice and the contents 





TasB_e III 


Comparison of Succus Entericus from Dog, Collected under Oil and in 
Colostomy Bag 








COs lost 
peer, | Mategcette | roatcon | out | Spieaied | spas 
Pp 
ma per l. mm. Hg me H:CO; 
11 Under oil 14.12 6.75 85 
In bag 11.87 7.25 26 1.77 
13 Under oil 21.35 6.50 202 
In bag 15.12 7.20 36 5.0 
16 Under oil 13.64 6.8 75 
In bag 7.95 7.28 16 1.78 




















have about the same ionic concentration as that of blood serum 
(15). The succus entericus has about the same electrolyte content 
as blood serum, but only about 1 per cent protein. The calcu- 
lated CO, tension ranged from 30 to 279 mm., with 70 per cent 
of the values between 60 and 140mm. These data seem too high 
for normal physiology and yet in a physiological fluid containing 
BHCO,; the acidity could only be due to the tension of CO¢. 

A direct comparison was made with succus entericus collected 
under oil and in the colostomy bag. The second collection period 
directly followed the first. The data of Table III show that 
succus entericus collected in the bag loses more than enough CO, 
to account for the difference in pH. The lower CO, tension 
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seemed to correspond to a decidedly less active intestine. A faster 
rate of secretion always resulted in juice of higher CO, tension, 
Campbell (16) has reported values of 36 to 63 mm. for COz tension 
in the intestine. Mclver, Redfield, and Benedict (17) found by 
analysis of the residual gas after the introduction of oxygen or 
nitrogen into intestinal loops of anesthetized cats values for CO, 
corresponding to a tension of 36 to 47 mm. 

The effects of diets containing various amounts of protein and 
no protein at all upon jejunal pH and CO, tension were compared 
(Table II). The change from biscuit to Purina Dog Chow re- 
sulted in about a 50 per cent increase in urinary urea and about a 
2- to 4-fold increase in the concentration of juice ammonia. It 
was thought that at the higher concentrations of ammonia in 
the juice, the intestine might become less acid. The diets of 
starch and butter or biscuit or Purina Dog Chow produced no 
consistent variations in pH and CO, values, although there were 
marked changes in ammonia content of the juice as seen especially 
in Dogs 8, 10, 14, and 15 when the ammonia content reached the 
level of 19.5 to 30 milli-equivalents. Three dogs were fed all the 
lean meat they would eat. In two dogs this amounted to a kilo 
daily. The pH still remained within its usual range of acidity. 
Apparently, the protein diets do not cause the concentration of 
intestinal ammonia to become great enough to reduce the acidity. 
From these studies and those of other workers, it would seem 
that the intestinal pH is regulated chiefly by the metabolic activ- 
ity of the digestive glands and epithelium lining the tract rather 
than by the comparative amounts of the various digestive products. 


SUMMARY 


1. Acidosis produced experimentally in dogs by a fat diet or 
administration of CaCl, and HC! resulted in a 6 to 32 per cent 
reduction of the concentration of fixed base in the succus entericus. 
With the exception of one dog, the concentration of fixed base in 
the juice in acidosis ranged from 15 to 42 milli-equivalents less 
than that of the corresponding blood serum. This indicates that 
in times of base deficiency the intestine can conserve fixed base 
either by secreting a juice of lower base content or by increased 
absorption of base from the intestinal contents. 

2. Acidosis did not increase the ammonia content of the juice, 
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although urinary ammonia had increased 2 to 9 times the normal. 
A reciprocal relationship between the concentrations of fixed base 
and ammonia in the succus entericus was never observed. Intes- 
tinal ammonia formation is not therefore an acid-base mechanism. 

3. The ammonia content of the juice could be varied from 4.7 
to 25.3 milli-equivalents per liter without materially altering the 
concentration of fixed base in either juice or serum by varying the 
amount of protein in the diet. In the earlier studies (1) of in- 
testinal distention, the reduction in concentration of fixed base 
was an acid-base reaction on the part of the intestine, and the 
elevation in ammonia content was due to some other factors. 


. These were two independent, fortuitous reactions. 


4. The contents of succus entericus of the jejunum are acid, 
with most of the pH values ranging from 6.0 to 6.7. The corre- 
sponding CO, tension calculated from pH and total CO, ranged 
from 30 to 279 mm. of Hg, with 70 per cent of the values ranging 
from 60 to 140 mm. The high tension of COs, in the juice is be- 
lieved to indicate that active tissues under physiological condi- 
tions may become very much more acid than any changes in the 
blood would indicate. 

5. Diets which contained various amounts of protein, with the 
accompanying change in intestinal ammonia concentration, did 
not materially change the pH or COs of the succus entericus or 
jejunal contents. 


BIBLIOGRAPHY 


. Herrin, R. C., J. Biol. Chem., 108, 547 (1935). 
. Bliss, 8., J. Biol. Chem., 67, 109 (1926). 
. Benedict, 8. R., and Nash, T. P., Jr., J. Biol. Chem., 69, 381 (1926). 
. de Beer, E. J., Johnston, C. G., and Wilson, D. W., J. Biol. Chem., 108, 
113 (1935). 
5. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, 
Methods, Baltimore, 283 (1932). 
6. Gamble, J. L., Ross, G. 8., and Tisdall, F. F., Am. J. Dis. Child., 26, 
455 (1923). Gamble, J. L., and Ross, G. 8., Am. J. Dis. Child., 26, 
470 (1923). Gamble, J. L., Blackfan, K. D., and Hamilton, B., J. 
Clin. Inv., 1, 359 (1925). 
7. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, 
Interpretations, Baltimore, 770, 782 (1931). 
8. Hastings, A. B., Murray, C. D., and Murray, H. A., Jr., J. Biol. Chem., 
46, 223 (1921). 


- wr 








4 
17 
ia 
, iz 
& 
i] 





ciqesanengetee 


470 Intestinal Ammonia, pH, and CO, Tension 


9. 


Hoag, L. A., and Marples, E., Proc. Soc. Exp. Biol. and Med., 26, 376 
(1929); Am. J. Dis. Child., 42, 291 (1931). 


. Graham, W. R., and Emery, E. S., Jr., J. Lab. and Clin. Med., 13, 1097 


(1928). 


. Grayzel, D. M., and Miller, E. G., Jr., J. Biol. Chem., 76, 423 (1928). 

. Mann, F. C., and Bollman, J. L., J. Am. Med. Assn., 95, 1722 (1930). 

. Robinson, C. 8., J. Biol. Chem., 108, 403 (1935). 

. Karr, W. G., and Abbott, W. O., J. Clin. Inv., 14, 893 (1935). 

. Hastings, A. B., Sendroy, J., Jr., and Van Slyke, D. D., J. Biol. Chem., 


79, 183 (1928). 


. Campbell, J. A., Physiol. Rev., 11, 1 (1931). 
. McIver, M. A., Redfield, A. C., and Benedict, E. B., Am. J. Physiol., 


76, 92 (1926). 











THE DETERMINATION OF FUMARIC ACID IN PROTEIN 
SOLUTIONS CONTAINING SUCCINIC ACID 
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(From the Department of Biological Chemistry, Harvard Medical 
School, Boston) 


(Received for publication, January 29, 1937) 


In the light of the growing importance of the succinate-fumarate- 
enzyme system, there is a definite need for a suitable method of 
estimating fumaric acid in small amounts and in the presence 
of protein. 

A method depending upon the partial oxidation of fumaric 
acid in amounts up to 1 mg. was recently described by Straub 
(1). The amount of permanganate required is not stoichio- 
metrically equivalent to the fumarice acid oxidized; and the 
experimental ratio of the reactants found varies with the absolute 
amount of fumaric acid present. When this method is applied 
to protein solutions, there are large “‘blanks,” even with extensive 
purification of the extractives. 

In a second method by Hahn and Haarmann (2) fumaric acid 
is separated in amounts of approximately 500 mg. from succinic 
and malic acids by precipitation of the mercurous salt in 5 per 
cent HNO;. The precipitate, washed with hot 5 per cent HNOs, 
is weighed. The isolation of mercurous fumarate from a protein- 
containing solution involves several evaporations and extrac- 
tions. 

The principle of the latter method was adopted as the basis of 
the following micromethod. The present method is applicable 
to the determination of 2 to 12 mg. of fumaric acid with an 
accuracy of 3 to 5 per cent. The mercurous fumarate is esti- 
mated by oxidizing the mercurous to mercuric ions, and titrating 
the latter with thiocyanate. After examination of various 
factors which affected the accuracy of the method, the following 
procedure was adopted. 
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Method 


Precipitation of Proteins—A 4 ml. sample of the unknown solu- 
tion containing protein is delivered into a 15 ml. conical centri- 
fuge tube, treated with 0.5 ml. of 25 per cent trichloroacetic acid, 
and allowed to stand for 5 minutes. After the material is centri- 
fuged and the supernatant fluid is transferred to a second tube, 
the precipitate is washed twice with 2 ml. portions of hot ether, 
and the washings are added to the original filtrate. 

Precipitation of Barium Salts—A drop of saturated alcoholic 
methyl red is added, followed by alcohol until the whole is com- 
pletely miscible. Hot saturated Ba(OH): is added slowly until 
the red color changes to yellow. The tube is then completely 
filled with alcohol, thoroughly mixed, and allowed to stand for 
30 minutes. After the contents are centrifuged and the super- 
natant fluid is removed, the precipitate is dissolved in 4 ml. of 
H,0 and 2 ml. of 15 per cent HNQ;. 

Precipitation of Mercurous Fumarate—After the material is 
heated in a boiling water bath, 1 ml. of mercurous nitrate reagent 
is added, and the tube is simultaneously cooled and scratched 
until crystallization is induced. The tube is allowed to stand 
in the refrigerator for 2 to 4 hours (a longer time is inadvisable), 
then centrifuged for 5 minutes. After the supernatant fluid is 
drawn off, the precipitate is stirred with 2 ml. of 15 per cent 
HNO; and heated in a boiling water bath for a few minutes. 
After addition of 4 ml. of H,O and 1 ml. of mercurous nitrate 
reagent, crystallization is again induced. (It may be noted that 
in all precipitations of mercurous fumarate the HNO; is present 
in a concentration of 5 per cent.) The tube is now allowed to 
stand in the refrigerator for at least 4 hours. After centrifuga- 
tion, the precipitate is washed once with 5 ml. of 1 per cent 
HgNO; containing 5 per cent HNO, and twice with 5 ml. por- 
tions of 0.2 per cent HNQOs. 

1 ml. of concentrated HNO; is added to the washed precipitate, 
stirred, and followed by approximately 5 ml. of H,O. Saturated 
KMn0, is added in excess until the purple color persists, after 
which the tube is heated in a boiling-water bath for a few min- 
utes. After cooling, a minimum quantity of 3 per cent H,Q, is 
added to dissolve the MnO,.. The solution is quantitatively 
transferred to a 100 ml. Erlenmeyer flask, 2 ml. of ferric indi- 
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eator are added, and the mixture is titrated with standardized 
(approximately 0.02 m) ammonium thiocyanate. 

Calculation—The ml. of NH,SCN times its molarity, divided 
by 4, equals the mm of fumaric acid in the sample used. 

Reagents— 

Mercurous nitrate reagent. 10 per cent HgNO; in 5 per cent 
HNO. 

Ferric indicator. Saturated ferric ammonium sulfate with 
HNO; added until the turbidity disappears. 

Ammonium thiocyanate. Approximately 1.5 gm. are dissolved 
in 1 liter of H,O and standardized with 0.02 m AgNQOs. 

Hydrogen peroxide. A 3 per cent solution is prepared from 
30 per cent superoxol. 

The fumaric and succinic acids used in the development of the 
method were twice recrystallized. The melting point of the 
former was 285° (closed tube), of the latter 187°. 


EXPERIMENTAL 


Recoveries of 99 to 100 per cent were obtained by titrating 
0.01 to 0.05 mm of mercuric nitrate in 5 per cent HNO; with 
standardized thiocyanate. 

In order to arrive at the procedure described, the following 
factors were studied: (a) the solubility of mercurous fumarate 
and succinate in nitric acid, (b) the effect of the HgNO; concen- 
tration on the precipitation, and (c) the effect of recrystallization 
and higher acidity on the recovery. The recovery from solutions 
with and without protein was also studied. 

Solubility of Mercurous Fumarate—It was found that successive 
washings of mercurous fumarate with 5 per cent HNO, caused a 
progressive decrease in the final yield of mercury. That this was 
due to solubility was also shown by the turbidity produced in the 
washings upon the addition of HCl. Mercurous fumarate was 
slightly soluble in 1 per cent HNOs, but not in 0.2 per cent HNQs. 
Since mercurous succinate was also insoluble in 0.2 per cent HNQs, 
this was not a suitable washing reagent for removing succinate. 
The reagent chosen was 5 per cent HNO; containing 1 per cent 
HgNO;, since it successfully repressed the solubility of mercurous 
fumarate, but dissolved mercurous succinate. 

Effect of HgNO; Concentration—The result of precipitating 








474 Determination of Fumarie Acid 


mercurous fumarate from solutions of fumaric acid and from a 
mixture of fumaric and succinic acids with different concentra- 
tions of HgNO; was studied. The tubes were allowed to stand 
in the refrigerator for 15 hours to insure complete crystallization, 
after which the precipitates were washed once with 5 ml. of 5 
per cent HNO; + 1 per cent HgNO; and twice with 5 ml. portions 
of 0.2 per cent HNO. 
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Fia. 1. A, effect of a recrystallization on the recovery of mercurous 
fumarate in the presence of succinate; B, effect of concentration of HNO; 
on the solubility of mercurous fumarate and succinate (without recrystal- 
lization). 


It was found that 1 ml. of 10 per cent HgNO;.was sufficient to 
precipitate completely 0.1 mm of fumaric acid, but that in the 
presence of succinic acid excessive amounts of mercury were 
recovered. 

That this excess was due to mercurous succinate was shown 
in an experiment designed to study the time necessary for com- 
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plete precipitation. The yield of mercury increased progressively 
with the time allowed for crystallization only when succinate was 
present. Although mercurous succinate was qualitatively soluble 
in 5 per cent HNO; + 1 per cent HgNOs, the excessive mercurous 
succinate could not be removed from the fumarate precipitate by 
washing with this reagent alone. 

The effect of recrystallization and varying HNO; concentration 
on the recovery of fumarate in the presence of succinate was 
studied. It was found that precipitation and recrystallization 


TABLe I 


Recovery of Mercurous Fumarate from Solutions Containing Fumaric, 
Succinic, and Malic Acids 


Present in all experiments, 0.4 mM of succinic acid. 











NH,SCN 
Fumaric acid 
Theoretical a b 
mM ml. ml, mil. 
0.100 17.24 17.38 17.36 
17.24 17 .20* 
0.075 12.93 13.09 13.00 
12.81 12.96 
0.050 8.62 8.62 8.70 
8.74 8.70* 
0.025 4.31 4.30 4.24 
4.41 4.28 
0.015 2.58 2.56 2.46 
2.48 
0.010 1.78 1.06 1.22 














* Indicates presence, in addition, of 0.4 mM of malic acid. 


at acidities greater than 5 per cent HNO; eliminated contamina- 
tion by mercurous succinate. However, since at acidities greater 
than 7 per cent, mercurous fumarate was found to be appreciably 
soluble and difficult to crystallize, 5 per cent HNO; was chosen 
as the solution providing the optimum conditions for separation 
of the mercurous fumarate. These facts are illustrated in Fig. 1. 
Recovery from Pure Solution—Table I records the recoveries of 
mercurous fumarate obtained from pure solutions of fumaric and 
succinic acids, determined by the procedure described, but with 
omission of the steps concerned with removal of proteins. 
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Recovery in Presence of Protein—Direct treatment of the fil- 
trates following precipitation of the proteins by nitric or trichloro- 
acetic acid did not yield mercurous fumarate under the condi- 
tions of precipitation described. Attempts to recover fumarie 
acid by evaporating acidified protein solutions or filtrates and 
extracting the residue with ether resulted in only 60 to 85 per 
cent recovery. 

Successful recoveries were obtained, however, by making a 
trichloroacetic acid filtrate, extracting the precipitate with ether, 


Taste II 
Recovery of Fumarate from Protein Solutions 
Present in all experiments, 0.4 mM of succinic acid. 


-—— ————— — —--—-—— 








Fumaric acid J a sangialinadienitdecmpenainaiaiamaae 








ar mM - at, - at of mil. 
5 


0.100 20.3 





| 20.39 

20. 50* 
0.050 10.17 10.20 
10.26 
10.18 
10.42 
0.015 3.05 3.00 
2.81 
2.86 
2.96* 











* Indicates presence, in addition, of 0.4 mm of malic acid. 


and adding alcohol until the whole was miscible. The barium 
salts of fumaric and succinic acids were then precipitated at pH 
6.0 at which acidity the salts were insoluble. The barium salts 
readily dissolved in nitric acid, after which mercurous fumarate 
could be precipitated in the usual way. 

The data given in Table II were obtained by analyzing solutions 
containing known amounts of fumaric acid, according to the 
procedure described under ‘‘Method.” In addition to fumaric 
and succinic acids, the solutions initially contained tissue protein 
(succinic dehydrogenase preparation), phosphate, and methylene 
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blue. The two last named constituents were included in order 
to test the validity of the method under the conditions often 
encountered in the study of succinic dehydrogenase. The re- 
covery of fumaric acid in such solutions was found to be satis- 


factory. 


SUMMARY 


A method for the determination of 2 to 12 mg. of fumaric acid 
in the presence of proteins and of succinic and malic acids has 
been described. 
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THE COMPONENTS OF THE SUCCINATE-FUMARATE- 
ENZYME SYSTEM 
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The relation of biological oxidations to reversible oxidation- 
reduction systems is commanding wide-spread interest. The 
present paper is an attempt to study the enzyme system which 
catalyzes the oxidation of succinic to fumaric acid from the stand- 
point of (1) certain properties of its essential components, and 
(2) of the effect produced on the system and its parts by reversible 
oxidation-reduction dyes. 

The discovery of succinic dehydrogenase is attributed to 
Thunberg (1), when in 1909 he demonstrated that the oxygen 
consumption of washed minced muscle was increased by the addi- 
tion of neutral succinate, and that succinate and washed muscle 
reduced methylene blue in vacuo. Widmark (2), Ohlsson (3), 
Andersson (4), Alwall (5), and Lehmann (6) have utilized skeletal 
muscle as a source of the enzyme, while recently Borsook and 
Schott (7) employed beef heart. Ogston and Green (8) prepared 
the enzyme from beef heart, utilizing a precipitation of the 
enzyme protein at its isoelectric point, and from liver by an 
ammonium sulfate precipitation. 

Battelli and Stern (9), using oxygen as the H acceptor, 
first demonstrated that cyanide produced an inhibition of the 
oxidation of succinate by tissue. Thunberg (10), however, 
showed that cyanide did not inhibit the reduction of methylene 
blue. This could be interpreted that there were at least two 
essential moieties of the enzyme system, one of which had to do 
with oxygen activation and one with the activation of the hydro- 
gen of the substrate. Szent-Gyérgyi, in 1924 (11), demonstrated 
this more clearly by showing that methylene blue could restore 
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the ability to consume oxygen to the cyanide-poisoned system. He 
suggested that methylene blue reduction was an example of H 
activation, and the oxidation of p-phenylenediamine by succinic 
enzyme an example of O activation. 

The functioning of both H activation and O activation in a 
succinic dehydrogenase preparation Was not completely accepted, 
since as late as 1928 Wieland and Bertho (12) expressed the belief 
that cyanide was simply adsorbed on the surface of the dehydro- 
genase, and that methylene blue was able to displace it. 

The O-activating properties of the preparation seem to be 
dependent on the presence of Keilin’s indophenol oxidase and of 
cytochrome. With the exception of the preparations of Ogston 
and Green (8) succinic enzyme systems have contained both of 
these factors (Keilin (13))—in fact, the simple phosphate extrac- 
tion of washed tissue is one of the best known methods at pres- 
ent of obtaining indophenol oxidase. 


Preparation of Enzyme 


The method of preparing the enzyme used in this study was, 
with minor modifications, essentially that described by Borsook 
and Schott (7). 

100 gm. of fat- and fascia-free beef heart were twice ground in a 
meat grinder. The tissue was placed on a large piece of muslin 
and put in a 2 liter evaporating dish half filled with water at 40- 
45°. It was washed and pressed occasionally by hand for 10 
minutes, and the wash water discarded after the juice was pressed 
from the muscle mass. The operation was repeated with cold 
water for the same length of time. This was continued, making a 
total of four hot and four cold water washings. It was then 
ground thoroughly with an equal volume of sand and 200 ml. 
of mM/15 KzsHPO,. After the mixture had become a light brown 
homogeneous paste, it was allowed to stand for 30 minutes with 
occasional stirring. The mixture was centrifuged for 20 minutes 
and the supernatant fluid filtered through muslin. 

The activity of the preparation was tested by the Thunberg 
technique, which has been standardized in the case of succinic 
dehydrogenase by Lehmann (6). The composition of the reac- 
tion mixture used in this test was 2.0 ml. of m/15 Sgrenson phos- 
phate buffer (pH 7.3), 0.2 ml. of 0.2 m neutral succinate, 0.3 ml. 
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of methylene blue (4 X 10~* mm), and enzyme solution, 0.5 cc. 
The decoloration times at 37° in vacuo for enzymes prepared as 
described above ranged from 6 to 11 minutes. Actually this 
test is a measure only of the “dehydrogenase factor’ (H-activat- 
ing) of the enzyme and does not necessarily parallel its activity 
in the presence of oxygen. © 


Methods of Measurement 


The oxygen consumption was measured manometrically in 
Erlenmeyer type Warburg vessels with side arms at 37° + 0.05°. 
The reaction vessels contained a total of 3 ml. This usually 
consisted of 0.5 ml. of enzyme preparation, 1.5 ml. of m/15 phos- 
phate buffer (pH 7.35), 0.3 ml. of 0.2 m succinate in the side arm, 
and water to3 ml. Deviations from these amounts will be noted 
in the appropriate tables. Readings of the manometers were 
made every 10 minutes for at least 60 minutes. Unless otherwise 
specified, oxygen consumptions will be reported as c.mm. of oxy- 
gen consumed per hour. The determination of fumaric acid was 
carried out by the method described in the preceding paper (14). 

Experiments were run in duplicate and repeated with at least 
two different enzyme preparations for each point studied. 


Comparison of Oxygen Consumption and Fumarate Production 


Fischer (15) concluded that in the action of washed muscle on 
succinate there was produced an equilibrium mixture of one- 
third fumaric acid and two-thirds malic acid. Alwall (5) showed, 
however, that, if the ground muscle was washed with warm water 
before phosphate extraction, fumarase was eliminated. 

This procedure was employed in our method of preparation, 
but in order to determine whether fumarase had been removed, 
a series of experiments was carried out in which the oxygen con- 
sumed in the oxidation of succinate was compared with the 
amount of fumarate formed. If these two determinations 
agreed, evidence would be provided that only fumarate resulted 
from the oxidation of succinate and consequently that fumarase 
was absent. 

The comparison of oxygen consumption and fumarate produc- 
tion was studied in two ways: (Method A) by shaking an identical 
mixture of the reactants in separate vessels at the same rate and 
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temperature as those in the Warburg vessels and removing dupli- 


























cate samples for fumarate analysis simultaneously with the ge 
reading of the manometer; (Method B) by allowing the reaction fu 
to proceed to completion in the Warburg vessel, after which the to 
f TaBLe I 
) Comparison of Fumaric Acid Production and Oxygen Consumption 
: pH 7.35; temperature 37°; total succinate 0.072 mm. es 
i Method | Fumarate found Oz equi valent @ |  Osccmsemed T 
\ mM c.mm. e c.mm. Ww 
A 0.0599 671 683 th 
a 0.0650 727 | 720 e} 
‘ 0.0689 772 795 ti 
B 0.0698 782 | 812* 
a 0.0688 770 | 808* 
* Theoretical for 0.072 mm of succinate = 806 c.mm. R 
Taste II 


Rate of Oxidation of Succinate by Succinic Enzyme 
pH 7.36; temperature 37°; total succinate 0.072 mM. 
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Time | Oxidation | & = ! log gman Eee 
t o~-ei | t a-@z 
min. percent | x 10-4 min. ow cent x 10 : 
5 | 7.9 70.7 60 } 7.0 | 89.6 
10 | 17.5 82.8 70 76.3 89.2 
15 25.4 $4.6 | 80 | 80.2 | 88.0 
0 | 324 ee ee ee I 
2 | 40.2 89.1 } 100 | 85.3 | 83.3 . 
30 45.6 88.4 120 | 89.6 82.0 
35 50.8 88.0 140 92.8 81.5 
40 55.7 88.5 160 95.2 82.5 
45 60.5 89.5 190 97.8 87.3 
50 64.7 90.6 215 98.9 91.0 d 
55 67.8 89.4 Average wise 88.0 
kia . Pani POA: n 
i * a denotes initial amount of succinate (0.072 mm) taken as 100; xz denotes 0 
per cent of succinate oxidized; ¢ denotes time in minutes. n 
a 
j sample was removed for analysis of the fumarate formed. The , 
mM of fumarate were expressed in terms of the c.mm. of oxygen 
used to form it, and compared with the actual oxygen consump- j 
tion. The results are recorded in Table I. 
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It was concluded from these data that our succinic dehydro- 
genase preparations did not contain appreciable amounts of 
fumarase, since fumaric acid was recovered in amounts equivalent 
to the oxygen consumed. 


Rate of Oxidation of Succinate 


The velocity constants of the oxidation of succinate were 
calculated in three experiments which were carried to completion. 
The results of one such experiment are given in Table II. It 
will be seen that under the conditions of our experiment, and in 
the presence of an excess of oxygen, the rate of oxidation may be 
expressed as a monomolecular reaction. There was little devia- 
tion from the average constant of 88 X 10~‘* except for the 


Tasie III 
Relation between Varying Amounts of Enzyme and Oxidation of Succinate in 
Presence of NaCN and Methylene Blue 
pH 7.35; temperature 37°; NaCN 0.006 mm; methylene blue 10 X 10~* mm. 





O:+ consumption 











Time i—— — La — 
| Enzyme 0.2 ml. Enzyme 0.4 ml. Enzyme 0.6 ml. 
min. c.mm, | c.mm, c.mm, 
20 82 129 181 
40 151 221 294 
275 347 


60 194 


last 15 per cent of the oxidation, during which some inhibition 
of the reaction occurred. 


Method of Studying Dehydrogenase Factor 


The dehydrogenase factor in the enzyme preparation may be 
defined as the activator of the hydrogen of the succinate, which 
may then be oxidized by a hydrogen acceptor; e.g., methylene blue 
or activated oxygen. This factor may be measured by the 
methylene blue reduction time, but the difficulty of observing 
accurately the time of complete decoloration makes this method 
inaccurate. If the oxidizing catalyst (O-activating) were poi- 
soned (e.g. NaCN) and replaced by a constant amount of an 
artificial catalyst (e.g. methylene blue) in excess, then the H- 
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activating agency should be the limiting factor in the reaction ag 
measured by oxygen consumption methods. 

In testing this experimentally with 0.06 mm of succinate, 0.006 
mm of NaCN, and 0.001 mo of methylene blue, it was found that 
the oxygen consumption was decreased with decreasing amounts 
of enzyme. Sample results of such an experiment are given in 
Table III. The velocity constants calculated for this experiment 
were found to be 31 X 10-*, 45 XK 10~*, and 65 X 10~, corre- 
sponding to enzyme quantities of 0.2, 0.4, and 0.6 ml. respectively. 
The degree to which the activity of the enzyme is changed in the 
presence of a constant amount of NaCN and artificial catalyst 
will be used in this paper as a measure of the degree to which 
various agencies affect the H-activating portion of the enzyme 
preparation. 


TaB_e IV 
Relation between Varying Amounts of Enzyme and Oxidation of 
Phenylenediamine 
pH 7.35; temperature 37°; phenylenediamine 0.5 ml. of 1 per cent. 





O: consumption 








Time ——- - -_— — —— 
| Enzyme 0.2 ml. | Enzyme 0.4 ml. Enzyme 0.6 ml. 
_ min. =< | 7. peony ani : - c.mm, 
20 | 71 | 211 383 
40 | 140 367 531 


60 


202 471 617 


Method of Studying Oxidase Factor 


Indophenol oxidase (Keilin) has long been considered the 
agency in heart muscle extracts which oxidizes p-phenylene- 
diamine. This substance does not itself require “‘activation’”’ but 
is oxidized by active oxygen. Upon oxidation, the colored 
quinonediimide is formed, with the consumption of oxygen. 
Fieser (16) has shown that this system is not strictly reversible, 
since the first oxidation product combines further with unused 
phenylenediamine to produce complexes. 

An example of the results found upon increasing the amount 
of enzyme on the rate of oxidation of phenylenediamine is re- 
corded in Table IV. The velocity constants of this reaction 
could not be calculated owing to the uncertainty regarding the 
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final oxidation product. The data for this reaction are there- 
fore recorded in terms of oxygen consumed. Since the rates are 
dependent upon the amount of enzyme present, this test was 
used to study the effect of substances on the oxidase portion of 
the enzyme. 

If the oxygen activation were entirely through the agency of 
‘indophenol oxidase,”’ then the phenylenediamine oxidation and 


TABLE V 
Percentage Inhibition of Phenylenediamine and Succinate Oxidation 
pH 7.35; temperature 37°; time 30 minutes. 




















Inhibition 
NaCN — 
Succinate oxidation Phenylenediamine oxidation 
mM per cent | per cent 

0.0002 71 64 
0.0003 80 86 
0.0005 88 90 
0.0007 91 98 








Taste VI 
Effect of Poisons and Aging on Components of Enzyme System 
pH 7.35; temperature 37°. 



































Inhibition 
Inhibiting agent 
Oxidase Dehydrogenase 
mM per cent per cent 
EE re 0.006 100 0 
EL ris Ol ik aw appa cnly ate a 0.02 0 100 
I cca a ccc ket <i ae xeoeknd 1.8 26 30 
EE a eer ee ae me 0.06 16 45 
I 55s nensscopeegeeadl 0.06 38 a 
7 days standing at 10°............ | 53 13 





the succinate oxidation should be equally sensitive to cyanide. 
With this in mind, the percentages of inhibition caused by increas- 
ing amounts of cyanide were compared. The results of such a 
comparison are given in Table V. Since the inhibition is approxi- 
mately the same in the two instances, these experiments suggest 
that a cyanide-sensitive oxidase is responsible for oxygen activa- 
tion in this system. 
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Effect of Poisons and Aging on Enzyme Factors 


By the methods outlined, a few typical enzyme poisons and 
the effect of aging of the enzyme were examined. Examples of 
resulting inhibitions of the two components of the system are 
summarized in Table VI. 

Cyanide and selenite are notable in that they cause a complete 
inhibition of one of the factors without affecting the other. 

The statements so commonly seen in the earlier literature 
concerning the stability of the enzyme actually apply to the 
dehydrogenase component, since the activity was measured by 


Taste VII 
Effect of Heat on Components of Enzyme System 
pH 7.35; temperature 37°; time of heating 45 minutes. 


























O: consumption 

Reactants IT 

30 min. 50 min. 

c.mm.,. c.mm, 
Enzyme + phenylenediamine...................... wake 210 285 
- heated at 55° + phenylenediamine............... 131 190 
- ™ “ 65° + Pe Ds pied a aa wide 5 8 
- " “ 75° + ey gt Se ae 0 0 
# ae ee eS os cn ce cade awedaane 0 0 
«“ “« « 55°4 “ + cresyl blue.........| 0 0 
" + succinate + NaCN + cresyl blue............. 185 225 
- heated at 55° + succinate + NaCN + cresyl blue 0 0 

“ “ “ 55° + “ + “ * + “ “c 

+ additional untreated enzyme...................| 175 | 228 





* The NaCN used here was sufficient to poison all the oxidase present. 


methylene blue reduction. Actually the oxidase activity is 
considerably decreased by storage, but the dehydrogenase com- 
ponent is quite stable. 

Barron and Hastings (17), in studying the components of their 
lactate-oxidizing enzyme, also concluded that storage produced 
greater destruction of the oxidase component. 


Stability of Enzyme to Heat 


Portions of the enzyme were heated in a water bath at various 
temperatures for 45 minutes, and the properties of the resulting 
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solutions compared with those of the unheated enzyme. The 
results are summarized in Table VII. 

Since the heated enzyme preparation was unable to oxidize 
succinate in the presence of cyanide and cresyl blue (artificial 
oxidizing catalyst), it was concluded that the dehydrogenase 
factor was completely destroyed under the conditions of this 
experiment. The effect of heat on the phenylenediamine oxida- 
tion shows that the oxidizing enzyme was only partially inacti- 
yated by heating at 55° for 45 minutes, almost completely de- 
stroyed at 65°, and entirely inactivated at 75°. Final proof of 
the dehydrogenase destruction was obtained by adding dehydro- 
genase in the form of cyanide-treated enzyme, which again 
established succinate oxidation. 

Barron and Hastings (17) utilized 55° heating for a separation 
of the two factors in their lactate-oxidizing enzyme, and concluded 
that the “‘oxidase’’ component was destroyed. Although there is 
no proof that their “‘oxidase’’ is identical with that operating in 
the succinate system, there would appear to be some difference 
between the lactic and succinic enzyme systems. Ahlgren (18) 
found that succinic dehydrogenase was inactivated at 55° as 
tested by methylene blue reduction. Keilin (19) states that indo- 
phenol oxidase is destroyed at 70° and that dehydrogenase is 
destroyed at 52°. He makes the statement, however, that after 
heating (yeast) to 52° “only lactate had a very marked effect in 
accelerating the reduction of oxidized cytochrome. The effect of 
sodium succinate and pyruvate is less marked.’”’ This would sug- 
gest that lactic dehydrogenase is more stable to heat than succinic 
dehydrogenase and offers an explanation of the apparent dis- 
crepancy noted above. 


Effect of Reversible Oxidation-Reduction Dyes 


We have compared the effect of several dyes of different oxida- 
tion-reduction potentials on the succinate and phenylenediamine 
oxidation and their catalytic effect on the system when it is either 
partially or completely deprived of oxidizing enzyme. The dyes 
used in these experiments are given in Table VIII. 

Effect on Succinate Oxidation—Meyerhof (20) found that 
methylene blue usually produced an inhibition of succinate oxi- 
dation by washed muscle and muscle extracts. Wieland and 
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Frage (21) also demonstrated a slight inhibition by methylene 
blue on succinate oxidation by dried muscle powder. Ogston and 
Green (8), however, found that this dye produced an acceleration 
of succinate oxidation. Their enzyme was prepared by ammo- 
nium sulfate precipitation and the succinate oxidation was greatly 
increased by cytochrome. This indicates that their preparation 
was more deficient in oxidizing catalyst than the usual succinic 
dehydrogenase. 


Taste VIII 
Reversible Oxidation-Reduction Dyes Used 























Dye EB’, at pH 7.3 
volt 
2,6-Dichlorophenol indophenol.................. mie ae pgs +0. 200 
o-Cresolindo-2 ,6-dichlorophenol........................424.- +0. 155 
Naphtholsulfonate indophenol..........................4.. +0. 105 
a et as viv inoie ma eMaivy v ohimmaide +0.045 
CS eee DP Se ee a ee a, ee +0.020 
Methylene blue............. sa 4 5g IC a tc kick ne —0.005 
Indigotetrasulfonate................... Reali nkee we hantoran | —0.065 
el. bits wea kvenwt babaen bo b4 eg cones o4 | —0.020 
TaBiLe IX 


Effect of Methylene Blue on Succinate Oxidation 
pH 7.36; temperature 37°; succinate 0.06 mm. 








Methylene blue | O: consumption at 60 min. k= i log - < - 
mM X 10-4 c. mm. Tech, vie x 104 . ; 
0 442 82 
1.87 433 71.5 
3.75 393 62.0 
7.5 | 308 42.5 








In our experiments greater inhibition of oxidation was produced 
by increasing amounts of methylene blue. Table IX records the 
oxygen consumptions at 60 minutes obtained with various 
amounts of methylene blue. The velocity constants of the reac- 
tion were calculated and found to bear a linear but inverse rela- 
tion to the concentration of methylene blue. 

Equimolar amounts of different dyes were also tested for their 
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effect on the oxidation. The results of one such experiment are 
recorded graphically in Fig. 1. 
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Fic. 1. Effect of dyes on succinate oxidation. Dye, 6 X 10-* mm; 
pH, 7.35; T, 37°. Curve A, without dye; Curve B, methylene blue; Curve 
C, 2,6-dichloronaphtholsulfonate indophenol; Curve D, naphtholsulfonate 
indophenol; Curve E, o0-cresolindo-2,6-dichlorophenol; Curve F, 2,6- 
dichlorophenol indophenol. 


Obviously these dyes all cause an inhibition of the succinate 
oxidation, and apparently the more positive the potential of the 
dye the greater the inhibition. Thus, methylene blue whose 
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potential (Z’) at pH 7.3, —0.005 volt) is close to that of the 
succinate-fumarate system (E’» at pH 7.3, —0.02 volt) pro- 
duced an inhibition of 24 per cent at 30 minutes, while 2,6- 
dichlorophenol indophenol caused an inhibition of 84 per cent. 
However, an investigation of the effect of dyes whose potentials 
were between 0.00 and +0.05 volt showed that cresyl blue 
(£’, at pH 7.3, +0.020 volt) with a potential higher than meth- 
ylene blue caused little or no inhibition of the succinate oxidation; 
and thionine (E£’, at pH 7.3, +0.045 volt) with a still higher po- 
tential caused an inhibition equal to that of methylene blue. 
Table X records the results of one such experiment. The signifi- 
cance of these results will be discussed later. 

No definite explanation is offered for the inhibition caused by 


TABLE X 
Effect of Dyes on Succinate Oxidation 
pH 7.33; temperature 37°; dye 6 X 10~* mm. 











Dye O: ae “a at 60 
i a c. mm, 
a Ms ik wins i o's 560 
CN Ee eee ee rer ae. a 507 
Se: ere eee ee, SS 558 
I ig i eR 488 








the dyes, but that they enter into the reaction is suggested by the 
following observations: (a) 2,6-dichlorophenol indophenol be- 
came partially decolorized during the course of the reaction, but 
the lower potential dyes remained visibly in the oxidized form; 
(b) all of these dyes were reduced in vacuo by the enzyme system, 
and the decoloration time was not affected by cyanide; (c) all 
of the leuco dyes could be reoxidized by a factor in the enzyme 
preparation which was cyanide- and heat-sensitive. 

The latter conclusion was reached by observation of the time 
necessary for half oxidation of the leuco dye after air was ad- 
mitted to the decolorized mixture. In each case, the dye was 
oxidized much faster in the absence of cyanide than in its pres- 
ence. Heating the decolorized mixture at 90° for 20 minutes 
before admitting air also increased the recoloration time. 
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These facts indicate strongly that the dyes enter into the 
reaction and that their réle is related to their oxidation-reduction 
potentials. 

Effect of Dyes on Phenylenediamine Ozxidation—In order to 
evaluate the effect of the dyes on the oxidase factor, the oxidation 
of phenylenediamine was studied. The experiments showed that 
the high potential dyes had no marked effect on the oxidation, 
but that the dyes of lower potential at a high concentration had 
a slight inhibitory effect. Table XI records typical results of 
this kind. 

' The relation between potential of the dye and inhibition ob- 
served in these experiments is qualitatively different from the 


TasLe XI 
Effect of Dyes on Phenylenediamine Oxidation 
pH 7.35; temperature 37°; phenylenediamine 0.5 cc. of 1 per cent. 

















O2 consumption at 60 min. 
Dye 
6 X 10-4 mm dye | 1 X 10°3 mu dye 

c.mm, c.mm, 
yee eT Ps rer ne eee 478 602 
MONE. soc cts dedevcbecceviees 425 338 
SNE BED, obese ens web RsBRC bs vcncsceese 466 468 
ED, ccs vbuncb edocs Pagcevactnescoseuen 458 554 
o-Cresolindo-2 ,6-dichlorophenol............ 472 582 
2,6-Dichlorophenol indophenol............. 481 562 





effect of the same dyes on succinate oxidation. It is therefore 
improbable that the action of the dyes on the oxidase factor 
accounts for their inhibiting action on the succinate oxidation. 
It is recognized, however, that this experiment is not conclusive, 
since the effect of the dyes may be on phenylenediamine itself, 
or on its oxidation products. 


Effect of Dyes in Replacing Oxidase 


Of the dyes studied, only those with potentials positive to that 
of the succinate-fumarate system were able to cause succinate 
oxidation by the cyanide-poisoned enzyme system. In this case 
the degree of restoration was proportional to the amount of dye 
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added. In Fig. 2 this is illustrated in the case of methylene 
blue with a partially poisoned enzyme system. 
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Fig. 2. Effect of methylene blue on the partially poisoned enzyme sys- 

tem. pH, 7.36; 7, 37°; succinate, 0.06 mm. Curve A, methylene blue 

6 X 10~* mm; Curve B, methylene blue 6 X 10-* mm + 0.001 mm NaCN; 

Curve C, methylene blue 3 X 10~* mm + 0.001 mm NaCN; Curve D, meth- 

ylene blue 2 X 10-* mm + 0.001 mm NaCN; Curve E, methylene blue 
1 X 10-* mm + 0.001 mm NaCN; Curve F, none + 0.001 mm NaCN. 


The degree of restoration produced by equimolar amounts of 
different dyes again showed a relation to their potentials. Table 
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XII records the oxygen consumption found upon the addition of 
different dyes to the completely poisoned system. 

It will be noted here again that cresyl blue gave rise to the 
greatest restoration of oxygen uptake, just as it inhibited the un- 
poisoned succinate oxidation the least. Likewise, thionine, in 
spite of being considerably higher in potential than methylene 
blue, restored succinate oxidation to a greater extent. This was 
true in other experiments involving different amounts of the dyes. 

It is thought that in these experiments there was simultaneous 


Taste XII 
Effect of Dyes in Restoring Succinate Oxidation after Cyanide Poisoning 
pH 7.36; temperature 37°; 0.006 mm NaCN present in all except where 
noted by the asterisk. 

















Dye mu x 10-4 | #’oat pit Fon at 60 i 
. min. 
volt c.mm. 
Ss. v.nsn sep oda Os on ch caeseee 567 
NS RP a rere ere 2 
SN ay eer re 6.6 —0.005 294 
Naphtholsulfonate indophenol........... 6.6 +0. 105 39 
o-Cresolindo-2 ,6-dichlorophenol.......... 6.6 +0.155 25 
2,6-Dichlorophenol indophenol........... 6.6 +0. 200 13 
RP" a ey ee ee 377 
Methylene blue................... — 3 —0.005 105 
3 See ee =— 3 +0.020 257 
St _, SR Sy eae tes oe +0.045 157 
Naphtholsulfonate indophenol........... 3 | +0. 105 22 








reduction of the dye by the enzyme system and oxidation of the 
leuco dye by atmospheric oxygen. At the end of the experiment 
it was found that 2,6-dichlorophenol indophenol was completely 
reduced, o-cresolindo-2 ,6-dichlorophenol only partially oxidized, 
and the others largely oxidized. This would indicate that in 
the case of the high potential dyes the rate of reduction exceeded 
the rate of autoxidation of the dye. Dyes of potential lower 
than the succinate-fumarate system (e.g. the indigosulfonates) 
and which were completely oxidized throughout the experiment, 
were unable to catalyze the cyanide-poisoned system. 
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Effect of Mixtures of Dyes on Oxidation 


In view of the possibility of several reversibly oxidizable sub- 
stances of different potentials coexisting in the cell, it was of 
interest to note the effect of two dyes of different potential on the 
succinate oxidation, both cyanide-poisoned and unpoisoned. An 
example of such an experiment is given in Table XIII. It was 
found that a dye of higher potential decreased the oxygen uptake 
established by one of lower potential, and further suggests that 
the degree of inhibition is related to the potential of the dye 


added. 
Since it has been shown that the oxidation of leuco methylene 


Tasie XIII 
Effect of Mixture of Dyes on Succinate Oxidation 
pH 7.35; temperature 37°; 0.06 mm succinate; total amount of each dye 
3 X 10-* mM. 























| O2 consumption at 
Dye i a 
No 0.006 mu 
cyanide NaCN 
volt c.mm, c.mm, 
Methylene blue —0.005 565 224 
7 “ and naphtholsulfonate indo-| —0.005 412 120 
phenol +0.105 
Methylene blue and o-cresolindo-2,6-dichlor-| —0.005 ’ 
a 92 87 
ITE Conn sang cetessdW eames wanes’ +0.155 








blue by air is a typical autoxidation with the formation of a 
peroxide (22), the effect of the second dye noted here may be an 
example of antioxidation. 


Incomplete Enzyme 


An enzyme was prepared in the usual way except that the pre- 
liminary washing of the tissue was doubled in amount. This was 
done in order to determine whether there would appear any 
qualitative differences in the effect of dyes upon the reaction. 

This preparation differed from the usual one in possessing 
lower activity for the oxidation of succinate by oxygen in spite 
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of a high oxidase content and dehydrogenase activity. Further- 
more, the oxidation of succinate was accelerated instead of in- 
hibited by dyes whose E’» varied between 0.00 and +0.05 volt. 
These results suggest that a substance essential for the inter- 
action of the dehydrogenase and the oxidase was removed by 
additional washing. In the light of Ogston and Green’s work 
(8), such an intermediate might have been cytochrome. 

The properties of this enzyme offered another opportunity to 
study the relation of the dye potentials and their effect on the 
succinate oxidation. The results obtained with a series of dyes 
are recorded in Table XIV and show that the dyes exerted their 
effect in the same order as was found on the whole enzyme and 
cyanide-poisoned enzyme systems. 


Tasie XIV 
Effect of Dyes on Succinate Oxidation by Incomplete Enzyme 
pH 7.35; temperature 37°. 











Dye Boat pita | Q2eegame- 

ri volt c.mm. : 
Ee eee ee, i Tee ee re 206 
ID DOUEA, . .odusin«0teuin 664 tugdlenbactade’ —0.005 228 
I a sn ins edn eeeenans caemeelle +0 .020 288 
ES. i 6 fino 4.0 neal ard aaa’ aco: ar gee +0.045 224 
Naphtholsulfonate indophenol.................. +0. 105 147 
o-Cresolindo-2 ,6-dichlorophenol................ +0.155 107 














DISCUSSION 


The experiments reported here indicate that for the enzymic 
oxidation of succinate by oxygen, there must be present two 
essential parts: (a) the dehydrogenase factor, which is completely 
inhibited by selenite and is not replaceable by dyes, and (b) the 
oxidase factor, which is completely inhibited by cyanide and is 
replaceable by reversible dyes, the extent of the replacement 
depending upon their potentials. The latter factor is capable of 
activating oxygen which may then accept hydrogen of the sub- 
strate which has been activated by the dehydrogenase. 

The failure to observe a catalytic action of dyes in a fresh 
enzyme system has been previously noted by Barron and Hastings 
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(17) in the case of the lactate-oxidizing system. The present 
experiments indicate that the dyes may play an integral part in 
succinate oxidation in being reduced by the dehydrogenase and 
} substrate, and oxidized by the oxidase factor. In the preparation 
in which a part of the oxidase factor was apparently lacking, the 
dyes whose E’, are between 0.00 and +0.05 volt showed an accel- 
eration of the oxidation. In a third case, in which the oxidase 
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Fig. 3. Effect of dyes on activity of succinic enzyme. 1, methylene 
blue; 2, cresyl blue; 8, thionine; 4, naphtholsulfonate indophenol; 6, 
o-cresolindo-2 ,6-dichlorophenol ; 6, 2,6-dichlorophenol indophenol. 


factor was completely poisoned and oxidation of the dye depended 
entirely upon autoxidation, similar relations of the dyes were 
found. -These results are summarized graphically in Fig. 3. It 
should be noted that the extent to which the lowest curve rises 
above the base line denotes the degree to which the oxidative 
activity of the enzyme had been restored. 
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It is evident that in three different cases there was a correla- 
tion of the effect of the dyes and their potentials. The least 
inhibition, or the greatest augmentation occurred in each case 
with cresyl blue. Furthermore, thionine in each case had an 
effect comparable with methylene blue in spite of being consider- 
ably higher in potential. 

Such a finding may be expected to exist in view of the work 
of Barron (23) and of Voegtlin, Johnson, and Dyer (24). The 
former found a linear relation between the Eo of a series of dyes 
and the logarithm of the time necessary for half oxidation of the 
dye, dyes of lower potential autoxidizing the faster. The latter 
workers, in studying the reduction of oxidation-reduction indi- 
cators by tissues, concluded that the ‘‘reduction time is approxi- 
mately a logarithmic function of the electrode potential.”’ It is 
believed that in the experiments described in this paper the dyes 
used have exerted their effects by virtue of the relative velocities 
with which they were reduced and oxidized, which in turn is 
related to the potentials of the dyes. 

It is of interest that we have found, in a simple system, a 
phenomenon similar to that observed by Barron and Hoffmann 
(25) in their study of the catalytic effect of reversible dyes on the 
metabolism of starfish eggs. They found that dyes whose normal 
potentials were between 0.00 and +0.10 volt were most effective 
in accelerating the metabolism of the eggs. Dyes whose poten- 
tials were higher or lower than this were less effective accelerators. 
Their results were complicated, however, by differences in the 
diffusion rate and toxicity of the dyes. In addition to this work, 
Barron and Hastings (17) demonstrated the high catalytic power 
of nicotine-hemin as compared to hemin on the lactic enzyme 
system and suggest that this effect was due to the more favorable 
potential of the hemochromogen. Finally, the results of Elliott 
and Baker (26), on the effect of dyes on tumor metabolism in the 
presence of glucose, suggest a grading effect, from inhibition with 
high potential dyes to acceleration we dyes of potential similar 
to that of methylene blue. 

It seems reasonable to conclude, ieaitinis from the experi- 
ments presented in this paper, that reversibly oxidizable systems 
exert a quantitative influence on the rate of oxidation of activated 
substrates; and furthermore that the nature and extent of their 
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influence are determined by the oxidation-reduction potential 
of the reversible system. 


SUMMARY 


1. A succinic dehydrogenase was prepared which contained no 
fumarase, as tested by a comparison of oxygen consumption and 


direct fumarate determinations. 
2. The rate of oxidation of succinate by this enzyme followed 


a monomolecular course. 

3. The enzyme was shown to consist of two factors. One of 
these is responsible for the specific activation of the succinate 
molecule; the other activates molecular oxygen. Tests were 
described for the respective factors, and the effect of various 


agencies upon them examined. 
4. The relation of the potentials of dyes and their effect on the 


whole enzyme system and its parts was studied and discussed. 
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CONTRIBUTIONS TO THE STUDY OF MARINE 
PRODUCTS 


V. THE PRESENCE OF STIGMASTEROL IN MOLLUSKS 


By WERNER BERGMANN 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, January 23, 1937) 


In a previous communication it has been demonstrated (1) 
that the typical sterol of the oyster, Ostrea virginica, is ostrea- 
sterol. When the crude bromoacetate of this sterol is treated 
with ether, all but a small crystalline residue goes into solution. 
On one occasion several hundred mg. of this insoluble substance 
were obtained, which made its identification possible. The re- 
crystallized material melted at 199-200° and showed [a]? = 
—40.71°. It contained bromine and proved to be a tetrabromide 
of the formula C3:Hs00.Br;. These data corresponded very 
closely to those of tetrabromostigmasteryl acetate (2), and a 
mixture of both substances failed to show a depression of the melt- 
ing point. The acetate, obtained by debromination, was also 
found to be identical with stigmasteryl acetate. Stigmasterol, 
therefore, is a constituent of the oyster. 

While this work was in progress, Fernholz in a private commu- 
nication informed the author that the sterol mixture obtained 
from the common mussel, Mytilus edulis, contains about 5 per 
cent stigmasterol, which had been identified as the tetrabromo- 
acetate. 

The stigmasterol content of the oyster is not constant, but 
apparently undergoes seasonal variations. Sometimes it is pres- 
ent in such small quantities that it can hardly be detected, while 
occasionally it has been found to represent as much as 4 per cent 
of the total sterol. 

Heilbron (3) has recently shown that fucostanol, ostreastanol 
(4), sitostanol, and stigmastanol are identical. Ostreasterol, 
therefore, differs from stigmasterol only in the position of the 
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double bonds. In contrast to the latter, which possesses a double 
bond at Cz: in the side chain (5), the double bonds of ostreasterol 
are contained in the ring system, for I have found during an as 
yet unpublished investigation that ostreasterol fails to give ethyl- 
isopropylacetaldehyde (6) or a similar product on treatment 
with ozone. 


EXPERIMENTAL 


Isolation of Tetrabromostigmasteryl Acetate—The crude bromo- 
acetate of ostreasterol was treated with 10 times its weight of 
ether. The residue was filtered, washed with a few drops of ether, 
and recrystallized several times from chloroform and alcohol; 
m.p., 199-200°. 

Rotation—0.0451 gm. of substance dissolved in chloroform and 
made up to 3 cc. gave in a 1 dm. tube a reading of —0.612°, 
hence [a] = —40.71°. 

Analysis—3.209 and 3.077 mg. of substance gave 1.325 and 
1.269 mg. of Br. Calculated for Cy,H»O2Br,, Br 41.32, found 
Br 41.30 and 41.25. 

Mixed with tetrabromostigmasteryl acetate, m.p. 200—201° and 
[a]** = —40.2°, it did not show a depression of the melting point. 

Stigmasteryl Acetate—The bromoacetate was debrominated by 
refluxing it with zinc dust in glacial acetic acid for 4 hours. After 
that time the solution was filtered and distilled water was added 
to the warm solution until it turned slightly turbid. The acetate 
was then allowed to crystallize out, filtered, and recrystallized 
several times from alcohol until its melting point was constant 
at 144°. 

Rotation—0.0369 gm. of substance dissolved in chloroform and 
made up to 3 cc. gave in a 1 dm. tube a reading of —0.692°, hence 
[a]? = —56.26°. 

Mixed with stigmasteryl acetate, m.p. 144° and [a]!* = —55.8°, 
it did not show a depression of the melting point. 


SUMMARY 


It has been demonstrated that the oyster, Ostrea virginica, con- 
tains besides ostreasterol small amounts of stigmasterol, which 
has been identified as the acetate and tetrabromoacetate. 
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Prior to the present investigation the configurations of a- 
hydroxyisovaleric and a-hydroxyvaleric acids were correlated by 
indirect methods based on the analogy of their behavior to that 
of the n-a-hydroxy acids. In the latter case the shift of the direc- 
tion of rotation on passing from the undissociated acid to the 
ionized state is invariably dependent on the configuration. It 
was desired to test the rule with acids containing an isopropyl 
group. This was particularly important for the reason that in 
hydrocarbons and in secondary carbinols the isopropyl and the - 
propyl groups, respectively, exercise different effects on the 
optical rotation. 

Inasmuch as the correlation of the configurations of the mem- 
bers of homologous series of secondary carbinols containing a 
propyl and an isopropyl group had been established, there re- 
mained to correlate the configurations of a-hydroxyisovaleric acid 
to a secondary carbinol containing an isopropyl group. An 
unsaturated carbinol with the —CH=—CH— adjacent to the 
asymmetric carbon atom served as an intermediary between the 
two substances. This, on the one hand, was reduced to the satu- 
rated secondary carbinol and, on the other, oxidized, through its 
acetate, to the hydroxy acid. In view of the fact that difficulties 
were encountered in the resolution of vinylisopropylearbinol, 
the crotonylisopropylearbinol was selected for the work. 

The set of correlations is shown in Formule I to IX. 

Thus 5-methyl-2-hexene-4-ol leads to levo-a-hydroxyisovaleric 
acid. From Formule I to [X it may be seen that the levo un- 


* National Research Council Fellow in Chemistry, 1931-32. 
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saturated carbinol is configurationally related to both levo-a- 
hydroxyvaleric and levo-a-hydroxyisovaleric acids. 

The same conclusion as to the configuration of the two acids 
was formerly reached on the basis of the shift in the direction of 
rotation of the two acids on passing from the undissociated acid 


to the salt. 
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EXPERIMENTAL 


5-Methyl-2-Hexene-4-Ol_ (Isopropylerotylcarbinol)—This — sub- 
stance was prepared, in 54 per cent yield, from crotonaldehyde 
(Eastman, b.p. 102-103°) and isopropyl bromide (Eastman, 
purified with concentrated sulfuric acid, then washed with sodium 
carbonate and water; b.p. 60°) by the Grignard reaction. The 
product boiled at 51-54° under 15 mm. It was resolved through 
the acid phthalate strychnine salt in 90 per cent aqueous acetone. 

448 gm. of the salt were dissolved in 2200 cc. of 90 per cent 
acetone and the solution evaporated to 700 cc. The crystals from 
this were dissolved in 2 liters of solvent and the solution set to 
crystallize at —10°. The product from this crystallization 
weighed 93 gm. and a sample of the acid phthalate from it had a 
specific rotation of 


+0.99° X 100 


2X 295 = +16.8° (in alcohol) 


lalp = 
This specific rotation was not further increased by recrystalliza- 
tion. The optically active alcohol was obtained from the acid 
phthalate by distillation with an excess of 20 per cent sodium 
hydroxide. The alcohol gave no iodoform test, as would be 


expected if a partial allyl rearrangement had occurred. It had 
the following constants: b.p. 51-54° at 15 mm.; dj° = 0.8327. 





50° 1 
lalp = ue = +22.2° (in absolute alcohol) 
lalp = as = +19.36° (homogenous) 


The substance had the following composition. 


3.931 mg. substance: 10.600 mg. CO, and 4.565 mg. H,O 
C;H,,O. Calculated. C 73.61, H 12.37 
114.1 Found. ** 73.53, “* 12.98 


Levo-a-hydrozyisovaleraldehyde was prepared by ozonization 
of dextro-5-methyl-2-hexene-4-ol. 12 gm. of the alcohol (the 
specific rotation of which had decreased to +13.85° on standing 
several months) were dissolved in 30 cc. of glacial acetic acid, 
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surrounded by an ice bath, and ozonized until a sample of the 
solution no longer decolorized bromine dissolved in carbon tetra- 
chloride. The aldehyde was liberated from the ozonization 
product with zine dust in moist ether until the solution no longer 
colored starch-KI paper. The acetic acid was neutralized with 
barium hydroxide and sodium carbonate and the ethereal solu- 
tion dried with sodium sulfate and distilled. The yield of re- 
distilled aldehyde, 3.0 gm., was collected in solid carbon dioxide. 
The substance had the following composition. 


4.995 mg. substance: 10.500 mg. CO, and 4.408 mg. H,O 
C;Hi00,. Calculated. C 58.78, H 9.87 


102.1 Found. ** 57.32, “* 9.87 
»  —0.24° x 100 “e 
lalp 1x 448 —5.4° (in ether) 


Dextro-a-Hydroxyisovaleric Acid—Several attempts were made 
to prepare this acid from the aldehyde by oxidation, but none 
of them yielded a satisfactory product. 

Dextro-2-methyl-3 ,4-butanediol was prepared by reduction with 
sodium amalgam of the levo-aldehyde in aqueous solution. 
Enough alcohol was added to bring the aldehyde into solution 
and enough dilute sulfuric acid was added to keep the solution 
just acid to phenolphthalein. The precipitated salt was filtered 
off, and the solution extracted seven times with ether. The 
extract was dried and distilled. The product boiled at 103° at 
12 mm. 


ry +0.19° X 100 
eb Sa 


[ ‘xaa° +3.9° (in dry ether) 


The substance had the following composition. 


4.131 mg. substance: 8.668 mg. CO, and 4.220 mg. H,O 
CsH O02. Calculated. C 57.64, H 11.62 
104.1 Found. ** 57.72, ‘* 11.43 


An attempt to prepare this glycol by catalytic reduction of 
the aldehyde with Adams’ catalyst, with ferrous sulfate as a 
promoter, under a pressure of 3 atmospheres resulted in recovery 
of the unchanged aldehyde. 








a. ll .s 
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Dextro-5-methyl-4-hexanol (propylisopropylcarbinol) was pre- 
pared by hydrogenation of dextro-5-methyl-2-hexene-4-ol (7.33 
gm. in 50 cc. of absolute alcohol) under 3 atmospheres pressure, 
with Adams’ catalyst. 

The product distilled at 52° at 12-mm. and absorbed no bro- 
mine. Its rotation was observed to be +15.03° (homogeneous, 
1dm.). In absolute alcohol it had the following specific rotation. 

+3.08° X 100 


3s as ° 
lalp 2 X 7.68 hanere 


The substance had the following composition. 


4.900 mg. substance: 13.015 mg. CO, and 6.015 mg. H,O 
C;H,O. Caleulated. C 72.33, H 13.89 
116.1 Found. “* 72.43, “* 13.82 


Dextro-4-Acetory-5-Methyl-2-Hexene (Acetate of Isopropylcrotyl- 
carbinol)—50 gm. of 5-methyl-2-hexene-4-ol 
—9.50° 


lalp = ix 0.833 = —11.4° (homogeneous) 


were dissolved in 57 gm. of dry pyridine and cooled. Then 57 
gm. of acetic anhydride were slowly added. The solution was 
allowed to stand for 3 days at 15°. 

Ether was then added and the solution washed successively with 
dilute sulfuric acid (until the washings were acid), water, dilute 
sodium carbonate solution, and finally with water. The extract 
was dried with drierite. The acetate distilled at 86-87°, p = 
46 mm. Yield, 40 gm. d{° = 0.8789 (in vacuo); n® = 1.4204. 

The substance had the following rotation. 


+18.68° 


°. ss i ° 
1 X 0.879 +21.3°; [M]p = +33.3° (homogeneous) 





lalp = 


5.405 mg. substance : 3.690 mg. CO, and 5.095 mg. H,O 
CsH:.O2. Calculated. C 69.17, H 10.33 
156.1 Found. “* 69.07, “ 10.54 


Dextro-a-Acetoryisovaleric Acid—40 gm. of 4-acetoxy-5-methyl- 
2-hexene, [a]? = +21.3° (homogeneous), were dissolved in 800 
ec. of acetone (in four lots), and 200 gm. of powdered potassium 
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permanganate were added with intermittent heating on the steam 
bath during 3 days. The color of permanganate persisted after 
this period. 

The precipitate was filtered off and taken up in hot water. 
The excess permanganate was removed with sodium bisulfite 
solution and the solution filtered, the manganese dioxide precipi- 
tate being washed with hot water a number of times. The com- 
bined filtrate and washings were concentrated to a small volume 
under reduced pressure, and the residue acidified with 50 per cent 
sulfuric acid and extracted with ether. The extract was washed 
free of sulfate ions and dried with anhydrous sodium sulfate. The 
acid distilled at 95-97°, p = 3 mm. Yield, 7 gm. 


+1.00° X 100 


~xtn [MJ® = +13.8° (in ether) 


lal = 


The substance had the following composition. 


4.020 mg. substance: 7.785 mg. CO, and 2.850 mg. H,O 
C;H1.0,. Calculated. C 52.47, H 7.56 
160.1 Found. ** 52.80, “* 7.98 


Dextro-a-Acetoryisovaleric Methyl Ester—2 gm. of a-acetoxyiso- 
valerie acid, [a] = +8.62° (in ether), were dissolved in 25 ce. of 
dry ether, cooled, and an excess of diazomethane in ether solu- 
tion added. This was allowed to stand for 2 days at 15°. The 
ester was isolated as usual. B.p. 50°,p = 1mm. Yield, 1 gm. 
a® = 49.25° (homogeneous, 1 dm.). 


+0.44° X 100 


yi +9.5°; [MJP = +16.5° (in ether) 


lal> = 


The substance had the following composition. 


5.000 mg. substance: 10.100 mg. CO, and 3.865 mg. H,O 
CsH,,O,. Calculated. C 55.14, H 8.10 
174.1 Found. ** 55.08, ‘* 8.65 


Dextro-a-Hydroxyisovaleric Acid—50 gm. of d-valine (Hoff- 
mann-La Roche), [a]? = +27.3° (in 20 per cent hydrochloric 
acid, c = 5 per cent), were diazotized according to the procedure 











“ 
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of Fischer and Scheibler.. The acid was converted into the 
sodium salt which was purified by dissolving it in methanol, 
filtering, and evaporating to dryness. 


—2.20° x 100 


= —11.0°; [M]? = —15.4° (i 
x ies 0°; [MI], 4° (in water) 


lalp = 
This solution was acidified with concentrated hydrochloric 
acid and then showed 


la]? = —— = +2.7°; [M]> = +3.16° (for the free acid) 


The sodium salt was dissolved in 50 per cent sulfuric acid 
and extracted with ether. The extract was dried with drierite 
and concentrated to a small volume. Pentane was added and the 
a-hydroxyisovaleric acid crystallized overnight. The crystals 
were filtered off. 

0.502 gm. was dissolved in water to make 15 ce. 


—0.07° 100 
— Fe = —0.5°; [MI> = — 0.6° (for the free acid; 


4X 3.35 c = 3.35%) 





lelp = 


This solution was made alkaline with 10 per cent sodium hy- 
droxide and diluted to 20 cc. The rotation then was 


—1.42° x 100 


= —11.9°; > = —16.7° h i 
X28 11.9°; [MI], 7° (for the sodium salt) 


lalp = 


1.500 gm. of the acid were dissolved in water to make 15 ce. 


23° X 100 
$0.23" X 100 _ +0.58°; [MJ® = +0.68° (for the free acid; 


4X 10.0 ¢ = 10%) 





lelp = 


5.098 mg. substance : 9.480 mg. CO, and 3.904 mg. H,O 
CsH,00;. Calculated. C 50.81, H 8.54 
118.1 Found. ** 50.71, “* 8.54 





! Fischer, E., and Scheibler, H., Ber. chem. Ges., 41, 2891 (1908). 
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80 gm. of a-bromoisovaleric acid,? [a]? = —6.33° (in ether), 
were converted into the hydroxy acid as described by Fischer and 
Scheibler.! The silver salt was dissolved in 8 liters of hot water 
and 300 gm. of barium carbonate were added. Hydrogen sulfide 
was then passed into the mixture. The precipitate was filtered 
and the filtrate concentrated. The yield of barium salt was 
40 gm. 

A small portion of the barium salt was converted into the 
sodium salt with sodium sulfate and the solution showed the 
following specific rotation. 


—0.35° X 100 


= —3.5°; [M]> = —4.9° (sodium salt in water) 
2 X 5.0 


[a]> = 
Dextro-a-Hydrozyisovaleric Ethyl Ester—40 gm. of the finely 
pulverized barium salt of a-hydroxyisovaleric acid, [a]? = —3.5° 
(for the sodium salt), were suspended in 250 cc. of absolute 
ethanol. Then a solution of 13 cc. of concentrated sulfuric acid 
in 50 ec. of absolute ethanol was slowly dropped in with shaking, 

The mixture was refluxed for 16 hours. 

Ether was then added and the excess acid neutralized with 
powdered anhydrous barium hydroxide. The precipitate was 
filtered off and the ether and alcohol were distilled from the 
filtrate at atmospheric pressure. The ester distilled at 112—114°, 
p =110mm. Yield, 8 gm. 


+0.30° 


= . °. N s - ; ° 
1 X 1 (approx.) +0.30°; [Mlp +0.40° (homogeneous) 





[elp = 


The substance had the following composition. 


3.770 mg. substance: 8.000 mg. CO, and 3.302 mg. H,O 
C;H,,0O;. Calculated. C 57.49, H 9.66 
146.1 Found. ** 57.87, ‘* 9.80 


Levo-a-Acetoryisovaleric Ethyl Ester—8 gm. of a-hydroxyiso- 
valeric ethyl ester, [a] = +0.3° (homogeneous), were dissolved 
in 5 ec. of dry pyridine and cooled. Then 7 gm. of acetic an- 


2 Levene, P. A., Mori, T., and Mikeska, L. A., J. Biol. Chem., 76, 337 
(1927). 
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~~" OD = 
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hydride were dropped in. The solution was allowed to stand for 
16 hours at 15°. The ester was isolated as described for the 
other acetate. B.p. 80°, p = 10 mm.; ad) = 1.002 (in vacuo). 


—9.85° 


1X 1.002 —9.83°; [MIJp = —18.5° (homogeneous) 


lal5 = 


The substance had the following composition. 


4.515 mg. substance: 9.500 mg. CO, and 3.495 mg. H,O 
CsH.O,. Caleulated. C 57.41, H 8.57 
188.1 Found. ** 57.37, “* 8.66 
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This problem is analogous to that discussed in the preceding 
communication.' There is, however, an additional point of in- 
terest attached to the direction of rotation of the a-hydroxyiso- 
valeric as compared with that of the a-hydroxyisocaproie acid. 
In the homologous series of hydrocarbons and in the series of 
secondary carbinols containing an isopropyl group, the direction 
of rotation of the substances was found to depend on the distance 
of the isopropyl group from the asymmetric center. The question 
is whether a similar state of affairs is observed in the rotations of 
the two hydroxy acids. 

The configuration of a-hydroxyisocaproic acid was established 
with the acetate of 6-methyl-2-heptene-4-ol as the starting 
material. 

The set of correlations is given by Formule I to X. 

Thus the set of correlations from Formule I to X leads to the 
conclusion that normal a-hydroxycaproic and a-hydroxyisocaproic 
acids rotate in opposite directions when they are configurationally 
related. It may be recalled that configurationally related a-hy- 
droxyvaleric and a-hydroxyisovaleric acids rotate in the same 
direction. Inasmuch as the two normal configurationally related 
hydroxy acids rotate in the same direction, it follows that con- 
figurationally related a-hydroxyisovaleric and a-hydroxyiso- 
caproic acids rotate in opposite directions. Thus, in the case of 
a-hydroxy acids the effect of the isopropyl group varies with its 
distance from the asymmetric carbon atom. 


* National Research Council Fellow in Chemistry, 1931-32. 
1 Bartlett, P. D., Kuna, M., and Levene, P. A., J. Biol. Chem., 118, 503 
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It may further be mentioned that in the configurationally 
related a-hydroxyisovaleric and a-hydroxyisocaproic as well as in 
the normal a-hydroxy acids, the shift of rotation on passing from 
the undissociated acid to the ionized state is in the same direc- 
tion. Thus it is justified to determine the configurations of 
aliphatic a-hydroxy acids by observing the direction of the shift 
of rotation on passing from the undissociated acid to the ionized 
form. Those in which the shift is to the right belong to the d 
series. 


EXPERIMENTAL 


5-Methyl-1-hexene-3-ol (vinylisobutylcarbinol) was _ prepared 
from acrolein and isobutylmagnesium bromide in 35 per cent yield. 
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The acid phthalate was made in pyridine by the usual procedure 
and purified through the sodium salt. This phthalate could not 
be resolved with either brucine or strychnine. 

After four recrystallizations of the brucine salt in acetone, 145 
gm. of an original 391 gm. yielded an acid phthalate having 
zero rotation. A further fractionation left 90 gm. of salt. The 
phthalate from this was still inactive. There was an apparent 
transient rotation but this was always small. 

6-Methyl-2-heptene-4-ol (itsobutylcrotylcarbinol) was prepared 
in 50 per cent yield from crotonaldehyde and isobutylmagnesium 
bromide. It boiled at 69° at 12 mm. Resolution was effected 
through the strychnine salt of the acid phthalate which was 
recrystallized from 90 per cent acetone. The resolution was not 
carried to the maximum, since a good quantity of active material 
was obtained by decomposition of the syrup which remained 
after all the possible crystalline material had been removed from 
the concentrated mother liquors containing the strychnine salt. 
The correlations were carried out with the alcohol so obtained. 
It had a rotation (homogeneous) of —1.22° in a 1 dm. tube. 
This, combined with the density of 0.835 given by von Auwers 
and Westermann’? means a specific rotation of —1.46° for this 
material. 

It was noticed that the acid phthalate of this carbinol, on 
heating, gives a good yield of a mobile unsaturated liquid boiling 
at 30° at 12 mm., with an odor suggesting that of oil of winter- 
green, probably 6-methyl-2 ,4-heptadiene. 

Dextro-6-methyl-4-heptanol (propylisobutylcarbinol) was pre- 
pared by hydrogenation of levo-6-methyl-2-heptene-4-ol under 
pressure with Adams’ catalyst. The reduction of 20 gm. in 
absolute alcohol required a little over an hour. The product 
boiled at 72° at 15 mm., and gave a rotation of +3.00° (homo- 
geneous) in a 1 dm. tube. 

Dextro-a-Hydroxyisocaproic | Aldehyde—Levo-6-methyl-2-hep- 
tene-4-ol was ozonized in glacial acetic acid and the product 
isolated following the conditions given by Helferich.? The frac- 
tion boiling at 79° at 18 mm. was collected. 


? von Auwers, K., and Westermann, H., Ber. chem. Ges., 64, 2993 (1921). 
* Helferich, B., Ber. chem. Ges., 62, 1128 (1919). 








516 a-Hydroxycaproic Acids 


The material was undoubtedly contaminated with a little 
acetaldehyde. 
+0.58° X 100 
2X 4.81 
3.284 mg. substance: 7.030 mg. CO, and 2.870 mg. H,O 
CyHw20>. ‘Calculated. C 62.03, H 10.40 
116.1 Found. ** 58.37, “‘ 9.78 
Dextro-4-Acetoxy-6-Methyl-2-Heptene (Acetate of Isobutylcrotyl- 
carbinol)—36 gm. of 6-methyl-2-heptene-4-ol 


_ —0.76° 
1 X 0.835 


= +6.0° (in absolute alcohol) 





lalp = 


= —0.91° (homogeneous) 





lalp = 


were dissolved in 40 gm. of dry pyridine, cooled, and 40 gm. of 
acetic anhydride were slowly added. The solution was allowed 
to stand at a temperature of 15° for 3 days. The acetate was 
isolated in the usual way. Yield, 36 gm. B.p. 88-90°, p = 30 
mm.; d; = 0.8696 (in vacuo); n° = 1.4249. 


+11.9° 


1X 0870 +13.7°; [Ml> = +23.3° (homogeneous) 


[alp = 


4.492 mg. substance: 11.595 mg. CO, and 4.280 mg. H,O 
CoH 502. Calculated. Cc 70.53, H 10.66 
170.1 Found. ** 70.39, “ 10.66 


Dextro-a-Acetoxyisocaproic Acid—36 gm. of 4-acetoxy-6-methyl- 
2-heptene, [a]?> = +13.7° (homogeneous), were oxidized with 
powdered potassium permanganate as described for the 5-methyl- 
2-hexene-4-ol.! The acid distilled at 127°, p = 5 mm. Yield, 
6.5 gm. 

ap = +11.74° (homogeneous, 1 dm.) 
+2.28° X 100 


2x 11.5 = +9.91°; [MJ> = +17.3° (in ether) 


lalp = 


0.1160 gm. substance: 6.815 ec. 0.1 n NaOH 
CsH,y,O, (174.1). Found, mol. wt. = 170.2 


Dextro-a-Acetoryisocaproic Methyl Ester—5 gm. of a-acetoxy- 
isocaproic acid, [a]? = +9.91° (in ether), were treated with an 
ethereal solution of diazomethane as usual. The ester distilled 
at 68°,p = 5mm. Yield, 4 gm. dj’ = 1.020 (in vacuo). 
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+10.7° 
1 X 1.02 


3.099 mg. substance: 6.506 mg. CO, and 2.385 mg. H,O 


CysHyO,. Calculated. C 57.41, H 8.57 
188.1 Found. ** 57.25, “* 8.61 





= +10.5°; [MIE = +19.8° (homogeneous) 


lalp = 


Levo-a-H ydroryisocaproic Acid—40 gm. of Lleucine (Kahl- 
baum), [a]? = +20° (in 20 per cent hydrochloric acid), were 
diazotized according to the procedure of Scheibler and Wheeler.‘ 
The acid was converted into the barium salt. Yield, 20 gm. 


—1,18° x 100 





= —11.8°; [MJ> = —23.6° (barium salt in water) 


Levo-a-Hydroxyisocaproic Ethyl Ester—20 gm. of the barium 
salt of a-hydroxyisocaproic acid, [a]? = —11.8° (in water), 
were finely pulverized and suspended in 100 cc. of absolute 
ethanol. Then 6 cc. of concentrated sulfuric acid in 25 cc. of 
absolute ethanol were slowly added with shaking. This was 
refluxed for 16 hours. Ether was added and the solution shaken 
with concentrated calcium chloride solution. The extract was 
dried with sodium sulfate. The ester distilled at 118°, p = 90 
mm. Yield, 10 gm. 
—6.85° 
1 X 0.97 


2.805 mg. substance: 6.200 mg. CO, and 2.590 mg. H,O 
CsH,..O;. Calculated. C 59.95, H 10.07 
160.1 Found. ** 60.27, ** 10.33 


= —7.06°; [M]> = —11.3° (homogeneous) 





lalp = 


Levo-a-Acetoxyisocaproic Ethyl Ester—5 gm. of a-hydroxy- 
isocaproic ethyl ester, [a]” = —7.06° (homogeneous), were dis- 
solved in 4 gm. of pyridine, cooled, and 5 gm. of acetic anhydride 
were added. This was allowed to stand at a temperature of 15° 
for 36 hours. The substance was isolated as usual. B.p. 74°, 
p= 1mm. Yield, 3 gm. dj’ = 0.989 (in vacuo). 


—34.4° 


rr = —34.8°; [M|J> = —70.3° (homogeneous) 


lal = 
4.292 mg. substance: 9.300 mg. CO, and 3.410 mg. H,O 

CyoHisO,. Calculated. C 59.36, H 8.97 

202.1 Found. ** 59.08, “* 8.89 





‘ Scheibler, H., and Wheeler, A. 8., Ber. chem. Ges., 44, 2684 (1911). 

















STUDIES ON PORPHYRIA* 
I. OBSERVATIONS ON THE FOX-SQUIRREL, SCIURUS NIGER 
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In the past few years there has been a wide development of 
interest in porphyrins and porphyria. A number of new cases of 
porphyria have been studied both in this country and abroad 
(1-6). The problems presented by the chemical studies on these 
cases lie in a new and fascinating field of pyrrole metabolism. 
Since there is no suitable introduction to this subject in English, 
it seems fitting that a brief statement of our present status regard- 
ing this matter should be made. For more detailed information 
the reader is referred to other sources (7-10). 

We may consider that the building blocks of porphyrins are 
disubstituted pyrroles, one of the substituents being always a 


methyl! group. 





If four methylethyl pyrroles be joined by formy] bridges, an 
etioporphyrin isformed. Of the four possible isomers derivatives of 
only etioporphyrins I and III have been found in nature (8). inthe 


* This work has been supported by a grant from the Committee on 
Scientific Research, American Medical Association. 
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formule presented for etioporphyrins M and E stand for methyl 
and ethyl groups respectively. 



































E E M 


Etioporphyrin I Etioporphyrin III 


For example, of the four possible tetramethyl, tetrapropionie 


acid porphins, known as coproporphyrins, only isomers (1) and 
(III) have been found (8). 











PA M PA M 
Coproporphyrin I M PA 
(PA = CH;:CH,COOH) 


Coproporphyrin III 


The same is true of the uroporphyrins. The exact constitution 
of these octacarboxylic acid porphyrins is not yet proved by synthe- 
sis, but the most likely formule for the isomers so far found are 
shown in the accompanying diagrams (11). 
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Ss M Ss M 
Uroporphyrin I M 8 Ss M 
(S= CH(COOH)CH,COOH) Uroporphyrin III 


Probably the most important porphyrin in nature is proto- 
porphyrin IX (8). There are fifteen possible isomers of this 


M CH=CH,M_ CH=CH; 














Protoporphyrin IX 


compound, but this one, homologous with etioporphyrin ITI, is 
the only one so far demonstrated in nature. The importance of it 
lies in the fact that its iron complex, bound to various proteins 
and in different physical states, is recognized as hemoglobin, 
myoglobin, catalase, and probably one of the components of cyto- 
chrome (12-15). Thus it is the basis of the most important 
respiratory pigments in both animal and plant life. Furthermore, 
every other respiratory pigment of a hemin nature so far dis- 
covered has a porphyrin of Type ITI as its nucleus. 
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Now the very existence of porphyrins of these two types be- 
speaks a dual method of porphyrin synthesis, as Fischer (16) first 
pointed out, and as Borst and K®6nigsdorfer have demonstrated 
(2). Fischer has pointed out (7, 8) that a porphyrin of one type 
cannot give rise to a porphyrin of another type without complete 
destruction not only of the porphyrin ring but also of the tetra- 
pyrrole structure. 

We can now see more clearly some of the problems before us. 
We have not only to learn whence pyrroles arise, but also which 
ones are produced. The intermediary pyrrole metabolism must 
be studied to determine if possible by what steps proto-, copro-, 
and uroporphyrin are formed. Finally we must determine what 
factors make for the normally great excess of Type III porphyrin 
formation over Type I, and under what conditions this relation- 
ship is disturbed. 

Undoubtedly the study of such disturbed metabolism will 
prove of great value in determining the answers to the problems 
set forth, but such study is beset with many difficulties. One of 
the greatest of these is that, up to the present, we have had to 
rely upon chance encounters with sick patients, who either die 
quickly or escape from observation on improving. The rare 
slaughter-house animal with so called animal ochronosis, whose 
bones are colored red with uroporphyrin I (17), is of little further 
use in the study of pyrrole metabolism. Some rabbits chronically 
poisoned with sulfonal excrete uroporphyrin (18), and these may 
profitably be studied; yet such animals lead a precarious exist- 
ence and the induction of porphyria in them is by no means easy 
or constant. 

Other possible experimental animals are not only generally 
inaccessible but also inherently difficult to study: Pteria vulgaris, a 
mussel from the Persian Gulf, in the shells of which Fischer and 
Haarer (19) found uroporphyrin I; birds of the genus T'uracus 
from Africa, in whose wing feathers the copper complex of uro- 
porphyrin I is found (20); Asio flammeus, a bird of sub-Arctic 
habitat, in whose bones Derrien and Turchini (21) found a por- 
phyrin which is probably uroporphyrin; and finally mammalian 
fetuses in whose bones and blood stream uro- and coproporphyrin 
have been found (2, 22, 23); none of these fulfils the requirements 
of an experimental animal to any degree of satisfaction. 
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It is therefore encouraging to find that the fox-squirrel, a com- 
mon and widely scattered denizen of the American forests, has a 
physiological porphyria. This animal, which matures in about a 
year and reaches a weight of 600 to 900 gm., easily adapts itself to 
cage life and becomes quite tame. 

Although the farmers of Pennsylvania have long known that 
the bones of the fox-squirrel are red, it has entirely escaped scien- 
tific observation. Since I first discovered this phenomenon about 
a year ago, I have examined the bones of three recently killed fox- 
squirrels and have found the same condition in each. This red 
color turns out to be due to the presence of uroporphyrin I. 

In an effort to find other animals similarly affected I turned to 
Mr. J. K. Doutt, Curator of Mammals of the Carnegie Museum, 
Pittsburgh, for whose cooperation and suggestions I am grateful. 
He opened to me the bone collection under his care, consisting of 
more or Jess complete skeletons of thousands of small mammals. 
He also aided me in obtaining from each of the larger museums in 
the country some notes on pink or red or brown bones in their 
collections. These covered not only mammalian but also am- 
phibian and reptile bones. As a result an enormous number of 
bones were examined in this study. 

The results of this may be briefly summarized. A few mammals 
other than rodents have brownish bones; nothing of this sort was 
found in any lower vertebrates examined, although the birds were 
not studied very thoroughly. Among mammals only in the 
Sciuride do really red bones appear to occur, though many other 
rodents have pinkish bones. I have found in Tamias striatus pink 
bones and pink urine, both apparently due to the presence of 
porphyrin. No other animal studied, however, has had the 
marked porphyria exhibited by Sciurus niger. 


EXPERIMENTAL 


Bones—It was found on dissecting freshly killed adult fox- 
squirrels that the diaphyses of the long bones were yellowish. 
The metaphyses and the epiphyses, particularly those which are 
the last to unite, had a pink to a dark red hue. The smaller bones 
were almost uniformly pink to red. On standing in the air the 
yellow diaphyses assumed a more and more intense red color, 
finally coming to look like the epiphyses. In ultraviolet light 
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the fresh bones shone with a bright red fluorescence; when older, 
the fluorescence was a darker, duller red. The teeth, although 
pink at the gum margin, did not fluoresce, nor did the red-brown 
anterior surfaces of the incisors. 

Bone Marrow—The bone marrow was generally red, only a 
small proportion having a fatty, yellow appearance. Fresh and 
alcohol-fixed smears stained with Jenner’s stain showed, in addi- 
tion to many leucoblastic cells and erythrocytes of the normocytic 
series, a number of large cells with a pale green-staining cytoplasm 
and dense chromatin which appeared to be megaloblasts. 

Unstained smears were studied by fluorescence microscopy. 
Since this is a technique rarely employed in this country, a short 
description of it follows. 

The principle of fluorescence microscopy is that an unstained, 
thin section of tissue, examined in ultraviolet light, will be visible 
by reason of the fluorescence of compounds in the tissue. The 
intensity and color of the emitted light will provide a clue as to 
the nature and concentration of certain substances in the tissue, 
which clue can be followed up by various methods of chemical 
microscopy. Fats, in general, fluoresce yellowish; proteins emit a 
blue light. Porphyrins shine red in ultraviolet. This is a phe- 
nomenon which is extremely rare, and when seen is presumptive 
evidence for the presence of porphyrins. Only in the liver and 
bile passages is there much reason to suspect that other compounds 
may be the source of red fluorescence (24, 25). 

The methods of fluorescence microscopy may be exceedingly 
complex (2, 26), but for the present purpose a very simple method 
was employed. As a source of ultraviolet light either sunlight or 
the light from a 5 ampere arc, with therapeutic C carbons, was 
used. This was passed, by a reflector, through Corning glass 
filters No. 986 and No. 348 which replaced the substage condenser 
of a Zeiss monocular microscope. The tissue to be examined was 
placed on a thin cover-slip rather than on a slide. Under these 
conditions the only visible light impinging on the cover-slip had 
wave-lengths below 4300 A., and no visible red could be detected 
with a spectroscope. 

In examining the smears of bone marrow, after the light on the 
cover-slip was adjusted, a blanket was thrown over my head as a 
hood, and after several minutes adjustment to the darkness 
observations were made. 
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Under these conditions a thin sliver of rib shone bright pink. 
Unstained smears of bone marrow had considerable yellow- 
fluorescing fat globules, and here and there clumps of cells which 
had a dull red fluorescence. On removing the light filters and 
staining the smear on the microscope stage, the fluorescent cells 
were found to be megaloblasts. 

Extraction of Porphyrin from Bone—From the second squirrel 
examined there had been obtained, by Fischer’s method of ex- 
tracting porphyrin from bone (9), some 0.29 mg. of uroporphyrin 
from 17 gm. of dried and defatted bone. This was sent to Pro- 
fessor Fischer, who identified it spectroscopically as uroporphyrin, 
but found it mixed with fat and of such small amount as to pre- 
clude a melting point determination of the ester. 

The method given below gave a much better yield of a purer 
uroporphyrin than Fischer’s method. It is a modification of a 
technique used by Fink and Fikentscher (17). 

After the long bones of a freshly killed adult squirrel were 
cleaned, they were covered with 5 per cent HCI for 48 hours and 
then evaporated to dryness in vacuo. The soft remnants of bones 
were cut fine with scissors and returned to the pink bone powder. 
200 cc. of 5 per cent sulfuric acid-methyl] alcohol were allowed to 
stand over the bone powder for 1 week, filtered off, and replaced 
by a similar quantity of acid alcohol. After the second extraction 
only a very faint pink remained in the bone, which was not re- 
moved by a third extraction. 

The acid alcohol extracts were combined, added to 25 ee. of 
chloroform in a separatory funnel, and cold distilled water added 
slowly to make a liter. The chloroform soon settled out red and 
turbid. After being washed thrice with 1 n HCl,! the extract was 
filtered through Whatman No. 5 filter paper and evaporated to 
dryness in vacuo. In order to separate the porphyrin ester from 
fats the residue was taken into ether, from which the porphyrin 
was removed by repeated extraction with 7 to 8 per cent HCl. 

This acid solution was next evaporated to dryness in vacuo, and 
the residue covered with a few drops of glacial acetic acid and 
concentrated HCl. After a few days in the cold saponification 
was complete. Dilution and adjustment to pH 4.0 were followed 


1 Previous experience had shown that if the chloroform solution were 
washed with water or alkali, the consequent precipitation of calcium salts 
diminished the yield of porphyrin. 
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by ether extraction. No ether-soluble porphyrin was found. On 
standing the uroporphyrin precipitated from the aqueous solution, 
leaving a pale yellow, porphyrin-free supernatant fluid. Repre- 
cipitation left the supernatant fluid colorless. 

The porphyrin was now esterified in acid alcohol again, taken 
into chloroform, washed with sodium bicarbonate and then with 
water, dried with anhydrous sodium sulfate, filtered, and evap- 
orated to dryness in vacuo. The residue was washed with petro- 
leum ether and then with cold carbon tetrachloride, taken into a 
small volume of chloroform, and crystallized by addition of boiling 
methyl alcohol and standing. After the third recrystallization 
the melting point was found to be 291° (uncorrected). In chloro- 
form the maxima of the absorption spectra were I 627, II 571, 
III 535, IV 500 mu. These agree with the published figures for 
uroporphyrin (10). Superimposing a spectrum of uroporphyrin 
ester from Fischer by use of a comparison spectroscope gave com- 
plete agreement of the spectra. Therefore the bone porphyrin is 
uroporphyrin I. 

Urine—At times the urine of the fox-squirrel was a bright, 
clear sherry-red on being passed. It then had an absorption 
spectrum as follows: 


I 580-552 mu; II 545-518 my; end-absorption 515 my (I, II) 
567 530 


This was not changed by addition of sodium hyposulfite and 
potassium cyanide in alkaline solution. The urine became a little 
darker on addition of concentrated HCI, and the bands shifted 


at once to 


I 602-578 mp; II 560-547 mu; end-absorption 510 my 
591 555 


With this the green fluorescence of the native urine changed to 
red. On standing any length of time the acid spectrum of uro- 
porphyrin appeared: I 591 my; II 576 my; shadow to III 553 mu. 

At other times the urine was passed a light yellow color, darken- 
ing in the light and air. Neither the yellow nor the red urine 
contained albumin or sugar, nor gave Ehrlich’s aldehyde or 
Schlesinger’s zinc acetate reactions for bile pigments. There was 
no evidence for the presence of urofuscin, the dark red pigment so 
often prominent in the urine in human porphyria. 
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On extracting the urine with ether, after acidification with 
acetic acid, a red pigment went into the ether. Washing with 
distilled water followed by extraction with 5 per cent HCl brought 
out a minute amount of coproporphyrin spectroscopically identi- 
fiable, but the greater amount of the pigment remained in the 
ether. Here it gave a blue fluorescence and absorption maxima 
at 561 and 525 my. 30 per cent HCI did not remove it from ether, 
but 0.1 n NaOH brought it out quantitatively. In this solvent 
its absorption maxima were I 562 to 561, II 526 to 525 my (I, II). 
It now had a bright green fluorescence in ultraviolet light. On 
standing in strong aqueous acid the spectrum changed to that of 
uroporphyrin. 

The absorption spectrum of this pigment is that of a metal 
complex, apparently of uroporphyrin. The amount obtained did 
not permit of absolute identification of the porphyrin, and so far 
I have not been able to identify the metal. 

The metal complex precipitated from its aqueous solution at 
pH 4.4. It was then found that in 2 per cent sulfuric acid-methyl 
alcohol esterification took place with little breakdown to uropor- 
phyrin. This uroporphyrin went into solution in the acid alcohol, 
the metal complex remaining practically insoluble. Filtration 
and washing with acid alcohol left the complex ester on the filter 
paper, from which it was dissolved in chloroform. This was 
washed and dried in the usual way and crystallized from CHC},- 
MeOH. The crystals were washed with petroleum ether and 
cold carbon tetrachloride; in the latter they were slightly soluble. 
After three recrystallizations the melting point was 284-288°; 
after a fourth it was 291°, sharp (uncorrected). Attention is to be 
called to the fact that this is the melting point of the uroporphyrin 
obtained from the bone. 

The metal complex ester crystallized in long, thin hairs, coppery 
red and dichroic, which grossly and microscopically greatly re- 
semble those of uroporphyrin I ester. 

After ether extraction of the urine the residue was passed 
through Merck’s aluminum oxide, c.P., according to the method 
of Waldenstrom (27). In the ammonium hydroxide elution 
uroporphyrin came out. The precipitate obtained by addition of 
acetic acid was esterified and purified in the usual way. The 
amount was too small for melting point determination, but the 
crystals were typical of uroporphyrin. The absorption spectrum, 
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however, varied slightly from that of pure uroporphyrin. In 
CHCl;, I 626, II 569, III 533, 1V 500 mz. The maxima for II and 
III lie slightly to the blue of the published figures, probably owing 
to the presence of small amounts of metal complex. 

Note must be made of the volume of urine with which this work 
wasdone. A single squirrel was furnished me by the Pennsylvania 
Board of Game Commissioners, through the courtesy of Mr. 
Richard Gerstell, Chief of the Division of Game Research and 
Distribution. This animal was placed in a large bird cage, where 
it stayed a week before cutting through a wire with its teeth and 
escaping. 

During this week urine and feces were collected. It was neces- 
sary to visit the cage frequently and when the squirrel urinated 
to remove the bottom of the cage, pick out, and discard the food 
débris, separate and save the feces, and then wash off the urine 
into a dark bottle under petroleum ether. This made it impossible 
to measure the exact quantity of urine passed, but it was esti- 
mated that less than 20 cc. were obtained for study. The extent 
of the animal’s disturbed porphyrin metabolism may then be 
judged from the fact that from this urine it was possible to identify 
coproporphyrin spectroscopically, obtain crystals of uroporphyrin 
ester, and determine the melting point of the metal complex of 
uroporphyrin ester. 

Feces—15 gm. of dried feces were obtained and worked up by 
Fischer’s method (9) for coproporphyrin. On removing the 
porphyrins from the first ether extraction by 5 per cent HCl, a 
marked paucity of copromesobiliviolin as against the amount 
present in human feces was noted. This HCl extract was partly 
neutralized with NaHCO; and the chloroform-soluble porphyrins 
removed. These, in chloroform, had the following absorption 
maxima: I 631, II 575, III 540, [V 505 mu. The small amount of 
porphyrin present did not permit purification, but presumably 
the porphyrin was mostly protoporphyrin. 

Purification of the coproporphyrin remaining in the HCl was 
conducted in the usual fashion, with ether extraction and removal 
therefrom by 0.1 per cent HCl. For measurement of the absorp- 
tion spectrum, the coproporphyrin had to be taken into ether 
again and removed by 10 per cent HCl, in which the absorption 
maxima were I 592 to 591, II 548 to 547, III indefinite shadow 
about 494 to 490 mu. In 0.1 N NaOH the spectrum was I 617, 
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II 563, III 536, 1V 502 mz. The amount of coproporphyrin found 
in 15 gm. of feces corresponds roughly with the amount found 
normally in human feces, on a meat-free diet. Crystals of the 
ester could not be obtained. 


DISCUSSION 


It has been said above that fetal mammals have red bones 
(2, 22). This is particularly true of rodents, and the bones of 
rats at birth are often quite red. Borst and Kénigsdorfer have 
shown that this deposition of uroporphyrin in fetal bones is 
associated with the fetal megaloblastic type of erythropoiesis, 
and since their work it is recognized that megaloblasts are the 
probable site of elaboration of uroporphyrin (2, 28). 

It would seem that in the rat, rabbit, and guinea pig the elab- 
oration of uroporphyrin ceases toward the end of fetal life, and 
the growing bones quickly lose their red appearance. If we may 
judge from the fact that rabbits may develop sulfonal porphyria, 
which dogs and cats do not do, we may suppose that in rodents it 
may be possible to induce a return to a fetal stage, not only of 
erythropoiesis but also of pyrrole metabolism. 

Now in the fox-squirrel the evidence educed above points to 
the conclusion that this animal persists in its fetal mechanism of 
pyrrole metabolism, with persistent megaloblastic development 
into adult life. It appears, too, that in all probability Sciurus 
niger is not alone in this regard, but that, scattered throughout 
the rodents this phenomenon crops up with greater or lesser 
duration and degree with little regard for phylogenetic relations. 

This matter of persistence of fetal medullary activity draws 
porphyria into close connection with pernicious anemia. Yet 
that there is some deep, fundamental difference between them is 
obvious, and is further accentuated by the fact that, although 
there is an increased porphyrin excretion in pernicious anemia, 
it is not uroporphyrin. There may be the same apparent return 
to fetal erythropoiesis, but in one case there is a superimposed 
disturbance of pyrrole metabolism. 


The present studies on squirrels are to be continued. Studies 
of the hematology of various Sciuride will be reported in their 
proper place later. 
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SUMMARY 


A brief review of the present status of our knowledge of por- 
phyrins has been given, together with leading references to the 
literature. 

Studies on Sciurus niger demonstrate that it is a mammal which 
has a physiological porphyria extending into adult life. This is a 
porphyria with elaboration of Type I porphyrins. 
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COLORIMETRIC DETERMINATION OF THE COMPO- 
NENTS OF 3,4-DIHYDROXYPHENYLALANINE- 
TYROSINE MIXTURES 
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It has proved necessary in recent investigations concerned with 
a possible mechanism for melanin formation to determine quanti- 
tatively the components of 3 ,4-dihydroxyphenylalanine-tyrosine 
mixtures. The method suggested by Schmalfuss and Lindemann 
(9) is based upon the previous observation of Schmalfuss and 
Werner (10) that the tyrosinase from the hemolymph of Arctia 
caja catalyzes the conversion of 3 ,4-dihydroxyphenylalanine and 
tyrosine to melanin, this conversion being much more rapid in 
the case of 3,4-dihydroxyphenylalanine than in the case of 
tyrosine. The melanin thus produced is determined colori- 
metrically. 

The scheme presented in this paper is based on simple chemical 
procedures, no enzyme being required. 


Determination of 3 ,4-Dihydroryphenylalanine 


Reagents— 

1. 0.5 N hydrochloric acid. 

2. Nitrite-molybdate reagent. Dissolve 10 gm. of sodium 
nitrite and 10 gm. of sodium molybdate in 100 ce. of distilled 
water. 

3. 1 N sodium hydroxide. 

4. Standard solution. Dissolve 50 mg. of pure 3 ,4-dihydroxy- 
phenylalanine in 500 cc. of distilled water contained in a liter 
volumetric flask. Add 2 ec. of 0.1 N hydrochloric acid and 
enough distilled water to make a volume of 1 liter. Preserve 
under toluene. 
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5. Alternative standard. If 3,4-dihydroxyphenylalanine is 
not available, catechol can be used as a standard. Dissolve 
192 mg. of catechol in enough distilled water to make a volume 
of 1 liter. Preserve under toluene. Dilute 10 cc. of this stock 
solution to a volume of 100 cc. to make a standard solution. 
A green Wratten No. 61 filter (supplied by the Eastman Kodak 
Company) must be used in making the reading if this standard 
is used. 1 cc. of the catechol standard is equivalent to 1 cc. of 
the 3,4-dihydroxyphenylalanine standard described above. 

Procedure—Place 1 cc. of unknown solution (containing 0.02 
to 1.0 mg. of 3,4-dihydroxyphenylalanine) in a test-tube gradu- 
ated at 5 cc. Place 1 cc. of standard solution in a similar test- 
tube. Add to each test-tube, in the order given, the following 
reagents, mixing well after each addition: 1 cc. of 0.5 N hydro- 








TasBLe I 
Determination of 3,4-Dihydrozyphenylalanine 
ee Theoretical ——— 
concentration concentration concentration concentration 
mg. per l. mg. per l. mg. per l. mg. per l. 
20.0 20.5 60.0 60.8 
30.0 30.5 70.0 69.2 
40.0 40.1 80.0 79.4 
50.0 50.4 100.0 100.2 

















chloriec acid, 1 cc. of nitrite-molybdate reagent (a yellow color 
results at this point), 1 cc. of 1 N sodium hydroxide (a red color 
results), and enough distilled water to make a volume of 5 cc. 
Compare in a Duboseq colorimeter. The green Wratten No. 61 
filter must be used if the catechol standard is used; it may be 
used with the 3,4-dihydroxyphenylalanine standard if the 
analyst has difficulty in matching red colors. Tyrosine does not 
interfere with this determination. 

The accuracy of this method is indicated by Table I, which 
lists results obtained by the analysis of pure 3,4-dihydroxy- 
phenylalanine solutions. 

Discussion—The determination of 3 ,4-dihydroxyphenylalanine 
is based upon the fact that this substance gives a yellow color 
with nitrous acid, the yellow color changing to an intense orange- 
red in the presence of excess sodium hydroxide. Castiglioni (1) 
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has observed that compounds containing phenolic OH groups 
yield colored compounds when heated with sodium nitrite. He 
believes that hydrogen ions from the phenolic OH groups unite 
with nitrite ions from the sodium nitrite, the molecular nitrous 
acid then forming NO compounds with the phenols. Various 
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Fic. 1. Absorption spectra for colored solutions and transmission curve 
for green Wratten No. 61 filter. Curve 1, 3,4-dihydroxyphenylalanine 
derivative; Curve 2, catechol derivative; Curve 3, tyrosine derivative; 
Curve 4, Wratten filter. 


investigators (6, 8) have used nitrites to detect the presence of 
epinephrine. 

Purpose of the Sodium Molybdate—If sodium nitrite is added to 
an acid solution of 3,4-dihydroxyphenylalanine, the nitrous acid 
which is formed decomposes fairly rapidly, and the final intensity 
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of color which is produced depends to some extent on the time 
during which the reaction is allowed to proceed. The sodium 
molybdate prevents the rapid decomposition of the nitrous acid. 
In addition, it causes an increase in color production of about 
50 per cent in the case of 3,4-dihydroxyphenylalanine, and of 


about 15 per cent in the case of catechol. 

Purpose of Acidifying Standard Solution—Alkaline, neutral, or 
even very slightly acid solutions of 3 ,4-dihydroxyphenylalanine 
rapidly turn red, later depositing a precipitate of melanin. The 
addition of small amounts of hydrochloric acid prevents this 








change. 
; Tasie II 
Colors Produced by Various Compounds 
Color after addition of ae 
Compound HCl and —— Color On pein of 
RD « varus chvaa dé edsvagemet Colorless Colorless 
isin Sou bs exh an ¥aneuianaindl Light yellow | Yellow-brown 
(faint) (faint) 
Tt tsns scepenveteameaeresn Colorless Colorless 
Ee Yellow Red 
Epinephrine. . eee as “ 
3 -Dihydroxyphenylalanine. receab ae “ a 
RE RE ER EP Yellow-brown Dark brown 
NE es Site ws a5 64.00ome dealin Yellow (faint) Yellow-brown 
(faint) 
CO eee eee Fo Dark red-brown 
Phioroglucinol............5..+--+:- Orange ppt. Yellow-brown 
solution 











Use of Wratten Filter—The color produced by 3 »4-dihydroxy- 
phenylalanine is an orange-red; that produced by catechol is a 
bright red. These colors can be matched by using the green 
Wratten No. 61 filter. The absorption spectra for the colored 
compounds and the transmission curve for the filter are shown in 
Fig. 1. The extinction coefficient is defined by the equation 


1 


1 
Extinction coefficient = — log - 
ed n 


where c is the concentration in moles per liter (assuming 1 mole- 
cule of colored compound per molecule of catechol or 3 ,4-dihy- 
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droxyphenylalanine), d is the length in cm. of the column of 
fluid through which the light is passing, and n is the fraction of 
the incident light transmitted by d cm. of colored fluid. It will 
be observed that the wave-length of maximum light absorption 
of the colored solutions (510 my) is close to the wave-length of 
maximum light transmission of the filter (530 mu). The absorp- 
tion data were obtained with a Bausch and Lomb spectropho- 
tometer. 

Specificity of the Reaction—Table II indicates that compounds 
containing only one phenolic OH group react weakly or not at 
all with the reagents. Compounds having two or three phenolic 
OH groups react strongly, orcinol being an exception, to this rule. 

Stability of the Color—The color is stable for at least 1 hour, but 
fades if left overnight. 


Determination of Tyrosine 

Reagents— 

1. Mercuric sulfate reagent. Dissolve 15 gm. of mercuric 
sulfate in 100 ce. of 5 N sulfuric acid. 

2. Nitrite reagent. Dissolve 0.2 gm. of sodium nitrite in 100 
ec. of distilled water. 

3. Standard solution. Dissolve 100 mg. of pure tyrosine in 
enough distilled water to make a volume of 1 liter. Preserve 
under toluene. 

Procedure—Place 1 ec. of unknown tyrosine solution (contain- 
ing 0.05 to 0.15 mg. of tyrosine) in a test-tube graduated at 5 
ec. Place 1 cc. of standard solution in a similar test-tube. Add 
to each tube 1 cc. of mercuric sulfate reagent. After mixing 
well, immerse both tubes in a boiling water bath for 10 minutes. 
Cool and add 1 cc. of nitrite reagent to each . 2 Add enough 
distilled water to make a volume of 5 ce. 3 ,4-dihydroxy- 
phenylalanine is present, the solution will be turbid. Centrifuge 
until clear; pipette off 3 to 4 cc. of the clear, red supernatant 
liquid, and compare with the standard in a Duboscq colorimeter. 
If centrifugation is not done, wait 5 to 10 minutes after the addi- 
tion of the nitrite reagent before comparing in the colorimeter. 
The author has less difficulty in matching greens than reds and 
has used the Wratten filter in obtaining his readings. The ab- 
sorption spectrum of the tyrosine derivative is given in Fig. 1. 
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Results obtained by analyzing both pure tyrosine solutions and 
tyrosine-3 ,4-dihydroxyphenylalanine mixtures are recorded in 
Tables III and IV. 

Discussion—The determination of tyrosine is based on the 
Millon reaction. The procedure described is a modification of 
the methods reported by Folin and Ciocalteu (2) and by Folin and 
Marenzi (5). The phenol reagent (2-4, 7) cannot be used in the 
analysis of mixtures, since both tyrosine and 3,4-dihydroxy- 
phenylalanine give the reaction. 









































Tas_e III 
, Determination of Tyrosine in Pure Solutions 
Theoretical Determined Theoretical Determined 
concentration concentration concentration concentration 
mg. per l. mg. per l. mg. per l. mg. per l. 
50.0 51.8 110.0 109.9 
70.0 70.9 130.0 129.8 
90.0 90.1 150.0 147.1 
100.0 100.9 
Tasie IV 
Determination of Mixtures 
Tyrosine 3,4-Dihydroxyphenylalanine 
Solution No. | Theoretical Determined Theoretical Determined 
concentration concentration concentration concentration 
mg. per l. mg. per l. mg. per l. mg. per l. 
1 60.0 61.0 105.0 104.0 
2 100.0 100.0 75.0 75.0 
3 140.0 142.0 45.0 44.0 
4 60.0 60.1 30.0 29.5 
5 | 79.3 75.0 75.5 











Effect of 3,4-Dihydroryphenylalanine on Tyrosine Analysis— 
If 3,4-dihydroxyphenylalanine solution and the mercuric sulfate 
reagent are mixed and immersed for 10 minutes in a boiling water 
bath, the solution assumes a faintly yellow color. After cooling, 
this yellow compound precipitates, forming a cloudy solution. 
The addition of the nitrite has no effect on this precipitate; cen- 
trifugation is sufficient to remove it quantitatively. 

Changes in Intensity of Color with Time—For about 4 or 5 








ad 


he 
of 
id 
ne 





L. E. Arnow 537 


minutes after the addition of the nitrite reagent the color steadily 
increases. After this it remains constant for at least 1 hour, but 
fades overnight. 


SUMMARY 


1. A colorimetric method for the quantitative determination 
of 3,4-dihydroxyphenylalanine in the presence of tyrosine is 
described. The method is based on the observation that an acid 
solution of 3,4-dihydroxyphenylalanine reacts with a nitrite- 
molybdate reagent to give a compound having a yellow color, 
this color changing to red on addition of excess alkali. 

2. A colorimetric method for the quantitative estimation of 
tyrosine in the presence of 3,4-dihydroxyphenylalanine is de- 
scribed. The method is a modification of the Millon reaction. 

3. Absorption spectra of the various colored solutions and the 
transmission curve of the green Wratten No. 61 filter are included. 
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THE DETERMINATION OF SERUM CALCIUM BY TITRA- 
TION WITH CERIC SULFATE 


By ELLIS KATZMAN ann MENDEL JACOBI 
(From the Laboratories of Beth-El Hospital, Brooklyn, New York) 


(Received for publication, January 14, 1937) 


In the most commonly employed titrimetric methods for deter- 
mination of calcium in blood serum a very dilute standard potas- 
sium permanganate solution is used, which possesses the dis- 
advantages of instability, sensitivity to light, and the necessity 
for tedious labor and utmost care in preparation when especially 
stable solutions are required (1). In recent years it has become 
well known that ceric sulfate readily overcomes these difficulties 
and is of further advantage over potassium permanganate in that 
the valence change is simple, Ce++*++ + e — Cet**, the only 
possible change, and in that hydrochloric acid does not interfere 
(2). Moreover, the development of o-phenanthroline ferrous 
complex as an internal, reversible, high potential oxidation-reduc- 
tion indicator has made its use widely and easily applicable (3). 

Ceric sulfate has been used in the microdetermination of blood 
calcium by Rappaport (4). He uses it in excess to liberate iodine 
which is titrated back with standard 0.01 N sodium thiosulfate, 
thus requiring an additional standard solution. The writer has 
adapted the method of Willard and Young (ef. (5) p. 57) to the 
determination of 0.2 mg. of calcium as calcium oxalate, requiring 
but one standard solution. Calcium oxalate is dissolved in 4 m 
hydrochloric acid and iodine monochloride (6) is added so that 
the reaction.will take place at a lower temperature. The oxalate 
is titrated with 0.01 N ceric sulfate at 45-50° in the presence 
of o-phenanthroline indicator. The color change is from pink 
to pale blue. The blue is so faint as to make the end-point 
pink to practically colorless. To keep the solution warm and 
to make the color change easily apparent, the titration is con- 
ducted in a white enameled water bath. 
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540 Determination of Serum Calcium 


Standardization of 0.01 N Ceric Sulfate 


Reagents— 

1. 0.01 N sodium oxalate. 0.6700 gm. of Sgrensen’s or Bureau 
of Standards’ sodium oxalate, dried for 1 hour at 120°, is dissolved 
and diluted to 1000 ml. It is prepared on the day it is to be 
used. 

2. 0.1 N ceric sulfate ((5) p. 52).1. (a) Weigh 66 to 67 gm. of 
anhydrous ceric sulfate into a 600 ml. beaker and add 28 ml. of 
concentrated H,SO,. Dilute with 28 ml. of water and stir, with 
frequent additions of water and heating, until all the salt is 
dissolved. Transfer to a 1000 ml. volumetric flask and dilute to 
the mark. Or (6) dissolve 80 gm. of ceric ammonium sulfate 
((5) p. 52) in a 600 ml. beaker by the addition of 28 ml. of H,SO, 
diluted to 500 ml. with water. Stir until all is dissolved. Trans- 
fer to a 1000 ml. flask and dilute to the mark. 

3. 0.01 N ceric sulfate. In a 600 ml. beaker add 28 ml. of sul- 
furic acid to 400 ml. of water. Add 100 ml. of 0.1 N ceric sulfate. 
Transfer to a 1000 ml. volumetric flask and dilute to the mark. 

4. Iodine monochloride catalyst (6).1_ Prepare the following 
solutions: (a) 0.005 m KIO; (1.07 gm. dissolved in 1000 ml. of 
water); (b) 0.01 m KI (1.66 gm. dissolved in 1000 ml. of water), 
Dissolve 10 gm. of potassium iodide and 6.74 gm. of potassium 
iodate in 90 ml. of water. The solution should not liberate iodine. 
Add 90 ml. of concentrated hydrochloric acid and stir well. The 
solution will be orange-colored. Transfer to a separatory funnel 
and add 5 ml. of chloroform. If the potassium iodide has been 
added in slight excess, the chloroform will be colored faintly 
red. Add a few drops at a time of the dilute potassium iodate 
until the chloroform is faintly pink. By various treatments 
with the balancing solutions the proper quantities of reagent 
are ascertained. The solution is 0.5 m in iodine monochloride. 
Store in a glass-stoppered bottle in the dark. Dilute 0.1 ml. to 
10 ml. as required for use. 

5. o-Phenanthroline indicator 0.025 m (3).!_ (a) oPhenantiath 
line monohydrate, CyHsN2-H2O, 14.85 gm.; (b) ferrous sulfate 
0.025 m, 6.95 gm. of FeSO,-7H:O in 1000 ml. of solution. Dis- 


1 These prepared solutions are obtainable from The G. Frederick Smith 
Chemical Company, Columbus, Ohio. 
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solve the ferrous sulfate and add the o-phenanthroline and stir 
until all is dissolved, giving a dark red solution. Dilute 1:100 
with water before use. The 0.025 m solutions will keep un- 
changed at least 1 year. The diluted indicator will last 3 to 4 
days. 

6. Hydrochloric acid, concentrated; sp. gr., 1.18 to 1.19. 


Standardization of Ceric Sulfate 


To 4.00 ml. of 0.01 n sodium oxalate in a test-tube add 1.0 ml. 
of concentrated hydrochloric acid and 0.2 ml. of dilute iodine 
monochloride. Place in a white enameled water bath with the 
temperature at 45-50° for 1 minute. Add 3 drops of the diluted 











Taste I 

Standardization of 0.01 w Ceric Sulfate 
Solution Deviation 

Nn ou N 
0.009238 0.000004 
0.009195 0.000047 
0.009212 0.000030 
0.009281 0.000039 
0.009281 0.000039 
0.046207 0.000159 
0.009242 (Mean) 0.000032 (a.p.) 








Percentage deviation of a single observation from the mean, 0.3 per cent. 


indicator. Titrate with 0.01 N ceric sulfate until the pink color 
ot the indicator no longer reappears after 30 seconds. The results 
are shown on Table I. 

Ceric sulfate so prepared and standardized and stored in 
ordinary clear, glass-stoppered bottles without precautions against 
light changed by 0.1 per cent in a 4 week interval, as compared 
with the most stable preparation of potassium permanganate 
prepared according to Halverson and Bergeim, which changes 
0.1 per cent per week in amber bottles in the dark ((1), (7) p. 768). 


Determination of Serum Calcium 


Calcium oxalate representing 2 cc. of serum is dissolved in 
0.9 ml. of 4 m hydrochloric acid, 0.1 ml. of catalyst is added, and 























542 Determination of Serum Calcium 


the solution titrated as given in the standardization procedure, 
with 1 drop of the diluted indicator. 


Calculation— 
2f(A-B 
air) = mg. Ca per 100 ml. serum 
A = ml. ceric sulfate or potassium permanganate used in titration 
B = “ “ce “ce “ “ce “ce “ y “ blank 


V = volume of serum represented by sample 

f = ratio of volume of standard 0.01 n sodium oxalate to volume of 0.01 n 
ceric sulfate or potassium permanganate used in the standardi- 
zation 


Blank determinations were performed in all standardizations 
and determinations. For both ceric sulfate and potassium per- 
manganate the blanks were between 0.01 and 0.02 ml. 

All glassware was scrupulously cleaned with dichromate-sul- 
furic acid cleaning mixture. Titrations were made with a 5 ml. 
burette graduated in 0.02 ml. divisions which could be estimated 
to 0.004 ml. 


EXPERIMENTAL 
Comparison of Results with Those by Permanganate Titration 


Calcium determinations on the same serum specimen were 
made by both ceric sulfate and potassium permanganate titra- 
tions. In these analyses the calcium was precipitated and washed 
as follows. 

To 1 volume of serum were added 3 volumes of water and 1 
volume of 20 per cent trichloroacetic acid, slowly and with con- 
stant shaking. After standing for half an hour, the mixture was 
filtered through ashless filter paper. 10 ml. of filtrate, equivalent 
to 2 ml. of serum, were pipetted into a conical centrifuge tube. 
1 drop of methyl red-methylene blue indicator was added and 20 
per cent sodium hydroxide added dropwise until the solution 
turned pale green. In order to prevent precipitation of mag- 
nesium oxalate, 5 per cent acetic acid was added until the red 
color was restored. 1 ml. of 4 per cent ammonium oxalate was 
added and the contents of the tube were stirred with a footed 
stirring rod, the rod being washed down with distilled water. 
After standing overnight, the tube was centrifuged at high 
speed for 15 minutes (8). The supernatant fluid was drawn off 
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and the precipitate and sides of the tube were washed twice with 
10 ml. portions of saturated calcium oxalate solution as suggested 
by Stanford and Wheatley (9), by the technique of Halverson and 
Bergeim ((1), (7) pp. 771, 772). The ceric sulfate titration was 
conducted as given above. 

For the permanganate titration, the precipitate was dissolved 
in hot 1 N sulfuric acid and titrated with 0.01 N potassium per- 
manganate standardized the same day against freshly prepared 
0.01 N sodium oxalate. The results are given in Table II. 























Taste II 
Calcium Determinations 
By ceric sulfate Deviation — bn Deviation 
mg. per cent mg. per cent mg. per cent mg. per cent 
12.87 0.03 12.84 0.02 
12.94 0.04 12.76 0.06 
12.97 0.07 12.73 0.09 
12.89 0.01 12.88 0.06 
12.80 0.10 12.90 0.08 
12.93 0.03 12.74 0.08 
12.87 0.05 
77.40 0.28 
12.90 (Mean) 0.05 (a.v.) 89.72 0.44 
12.82 (Mean)| 0.06 (a.D.) 
Deviation of single observation from | Deviation of single observation from 
mean, 0.4% mean, 0.5% 








The difference between the two sets of results is 0.08 mg. per cent or 
0.6 per cent. 


SUMMARY 


A method is described whereby 0.2 mg. of calcium as calcium 
oxalate may be determined by titration with standard ceric sul- 
fate, with iodine monochloride as catalyst and o-phenanthroline 
as indicator. The percentage deviation of a single observation 
from the mean is 0.4 per cent. 

The method is of advantage over the analogous potassium 
permanganate titration in that the reagents employed possess 
greater stability. 
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STUDIES ON THE CATALASE AND PEROXIDASE 
ACTIVITY OF THE LIVER CELL 


By EDWIN E. DUNN anv SERGIUS MORGULIS 


(From the Department of Biochemistry, College of Medicine, University of 
Nebraska, Omaha) 


(Received for publication, January 11, 1937) 


Regenbogen (1), in developing his thesis of the antagonism 
between catalase and peroxidase, presented data to show that the 
catalase activity of washed liver and kidney tissue (in phosphate 
buffer solutions at 37°) was greatest at pH 5.50 and diminished 
with increasing alkalinity, becoming zero above pH 7.73. This is 
contrary to the results obtained by Morgulis, Beber, and Rabkin 
(2) with a partially purified catalase preparation from beef 
kidney. To determine the effect of hydrogen ion concentration 
on catalase under conditions approaching more closely those 
occurring in the tissue, we experimented with intact liver cells. 

The livers of adult white rats freed from blood by perfusion with 
Tyrode’s solution were sliced and pressed through several layers 
of gauze to separate the parenchymatous tissue from the ducts and 
connective tissue. By washing with Tyrode’s solution and 
centrifuging uniform suspensions of liver cells were finally ob- 
tained. 

To duplicate as nearly as possible the conditions of Regenbogen’s 
investigation, the catalase activity of the liver cell suspension was 
measured in phosphate buffer solutions at 37°. Cell suspensions 
in a 0.003 m phosphate buffer mixture of the desired pH were kept 
3 hours at 37° with occasional shaking. Sufficient H:O, was 
then added to make the final concentration 0.29 nN. The reaction 
was stopped after 30 minutes by adding N H.SO,. The unchanged 
H,02 was determined iodometrically. 

The relative peroxidase activity was determined on similarly 
treated cell suspensions which were allowed to react 30 minutes 
with pyrogallol and H,02. The purpurogallin formed was ex- 
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tracted with ether and determined colorimetrically, a correction 
being made for the color developing in a control sample. The 
results are recorded in Table I. 

The sharp decline in catalase activity with increasing alkalinity 
observed by Regenbogen fails to appear under these conditions, 
Furthermore, Regenbogen found no purpurogallin below pH 7.4, 
whereas in our experiments the formation of purpurogallin ex- 
tends to about pH 6.40. 

Since catalase undergoes destruction at all temperatures above 
2°, it is probable that at 37° the amount of H:O2 decomposed is 
determined not only by changes in activity of catalase at different 
pH values but also by the amount of catalase destroyed by the 
H,0,. To eliminate the latter factor we carried out determina- 
tions at 2°. Instead of the phosphate buffer Tyrode’s solution 


Tasie | 
Catalase and Peroxidase Activity of Liver Cells 
Total H,O, used, 248.5 mg.; total pyrogallol, 250.0 mg. 











NE 2 teal il eaten RS I dec 5.50 | 6.09 | 6.40 | 7.00 | 7.49 | 7.92 

H,O, decomposed, mg............. 47 60.9 | 58.2 | 43.7 | 38.9 | 28.9 
Per cent of total................. 18.9 | 24.5 | 23.4 | 18.0 | 15.6 | 11.6 
Purpurogallin, mg................ 0 0 0.04) 0.94) 1 07) 1.05 





was used, adjusted to the desired pH by varying the CO, and 
NaHCO; content (3). 

The liver cell suspension in Tyrode’s solution was kept, as 
before, 3 hours at 2°, when H2O, was added to 0.02 N concentration, 
and the reaction allowed to proceed 30 minutes with constant 
shaking. The pH of the liver cell-Tyrode mixture was deter- 
mined with the quinhydrone electrode immediately before the 
addition of the H2Or. 

The results under these conditions show that within a pH range 
of 6.38 to 7.80 catalase activity, unlike that in the phosphate 
buffer, varies insignificantly (84 to 89 per cent of the H,O2 decom- 
posed), and is in good agreement with our previous findings (2). 
We found no evidence of a sharp decline in catalase activity be- 
tween pH 7.16 and pH 7.38, as claimed by Regenbogen. 
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SUMMARY 


Our experiments do not seem to support Regenbogen’s conten- 
tion of the reciprocal relationship between the catalase and the 
peroxidase activity which corresponds to an anerobic-aerobic 
rhythm of the life of the cell. 

The catalase activity of the rat liver cell in Tyrode’s solution 
at 2° shows practically no variation within the range of pH 6.38 
to 7.82. 
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